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This volume accompanies the Main Report and Supplemental Environmental
Impact Statement for the Phase II General Design Memorandum for the
Santa Ana River Mainstem including Santiago Creek and ccntains the
general design for the Santiago Creek.
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The project economic data is

The recommended plan for Santiago Creek consists of modifying the
existing gravel pits for flood control storage, constructing an oytlet
structure from the gravel pits with a release capacity of 3500 ft-°/s and
constructing a riprapped channel between the Santa Ana Freeway and the

confluence with the Santa Ana River. The 5.5 miles of creek between the
outlet structure and channel in the vicinity of Walnut Avenue to the

beginning of the riprapped channel south of the Santa Ana Freeway would
not be improved and would be managed by the local sponsor in accordance

with FEMA guidelines.
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PERTINENT DATA
SANTIAGO CREEK

Item

Drainage Area at
Villa Park Road
Prospect Street Outlet

Top of Conservation Pool
(Varied with time of year)

Top of Flood Control Pool

Flood Control Storage
(Between elevation 27U4-298 feet)

Reservoir Area (Elevation 298 feet)

Outlet Structure
Invert
Top of Entrance Chamber
Gates
Transferable Bulkhead
Radial
Concrete Channel
Length
Base width
Riprap Channel
Station 293+15 to 252+00
Length
Base Width
Station T4+35 to 10+15
Length
Base Width

vii

91 sq. mi.
95 sq. mi.

elevation 274-293 feet

elevation 298 feet

4,620 acre-feet
92 acres
elevation 267.5

elevation 300

1-20 feet wide x 16 feet high
2-20 feet wide x 12 feet high

500 feet
varies 30 feet to 40 feet
4,115 feet
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I. INTRODUCTION

Authorization

1-01 Authorization for construction of this project was contained in
the Water Resources Development Act of 1986, (99th Congress 2nd Session,
PL 99-662. The project for flood control is contained in the Report of
the Chief of Engineers for the Santa Ana River Mainstem, including
Santiago Creek, California, dated January 15, 1982, except that, in lieu
of the Mentone Dam feature of the project, the Secretary is authorized
to plan, design, and construct a flood control storage dam on the upper
Santa Ana River. The full authorization language is presented in the
Main Report.

Scope and Purpose of Report

1-02 This volume of the Phase II General Design Memorandum (GDM)
describes the latest existing condition and environmental conditions in
the project area and provides definite design for Santiago Creek. 1In
addition, the detailed design for the flood control channel has been
revised, refined, and presented to reflect the latest conditions and the
desire of local citizens.,

1-03 The purpose of this report is to provide the basis for (1)
delineation and determination of the project rights-of-way and easement,
(2) an up-to-date assessment of environmental and economical effects,
(3) updating the project costs, and (4) preparation of construction
plans and specifications.

Local Cooperation

1-0L 7 e division of the Federal and non-Federal responsibilities for
local enuparation are shown in the Main Report.




II. PROJECT PLAN

Description of Project Area

2-01 Santiago Creek is the largest tributary of the Santa Ana River
downstream of Prado Dam. The headwater of the creek is in the vicinity
of Santiago Peak of the Santa Ana Mountains in the northeastern part of
Orange County. The stream flows in the northwest direction for a
distance of approximately 15 miles to Villa Park Road in the City of
Orange, then turns southwest for about another 7 miles before joining
the Santa Ana River in the City of Santa Ana. The total drainage area
of Santiago Creek is about 102 mi“. The runoff from 80 percent of the
drainage area is partially controlled by the existing Santiago Dam (a
water supply reservoir built by the Irvine Company in 1933) and Villa
Park Dam (a flood control structure constructed by Orange County in
1963). The drainage area remaining downstream from Villa Park Dam is
approximately 19 mi®.

2-02 Upstream from Villa Park Dam, the creek flows through a
mountainous area with steep slopes generally devoid of urban
development. Downstream from Villa Park Dam, Santiago Creek continues
to flow along a narrow streambed in a hilly area with steep canyon walls
for about 1.5 miles before reaching the alluvial fan at the northeastern
part of the City of Orange. Due to the vast deposit of high quality
sand and gravel along the streambed from Villa Park Road to the vicinity
of Walnut Avenue, extensive commercial mining of the deposited material
for construction has been going on for several decades. There are three
large gravel pits located between Villa Park Road and Walnut Avenue.

The Blue Diamond Pit (located just downstream from Villa Park Road) and
Bond Pit (located upstream from Prospect Street) have a combined volume
of approximately 12,000 acre-feet between the bottom of pits at about
elevation 170 and the top at elevation 300 shown on plate 2. These pits
are well entrenched and form an effective flood control reservoir which
could retain the entire voiume of small floods, preventing streamflows
from overflowing and causing damage to downstream properties. However,
the flogd control value of these pits decreases as soon as they are
partially or completely filled by preceding storms.

II-1




2-03 As a result of rapid urban development of southern California
including Orange County over the last 40 years, development has
encroached on the floodplain of Santiago Creek from Walnut Avenue to the
Santa Ana River, a distance of approximately 4.6 miles. In addition to
residential and commercial development within this reach, there are
three major highway crossings (Newport Freeway, Garden Grove Freeway,
and Santa Ana Freeway), two active railroad lines (Southern Pacific and
Santa Fe) and eight street bridges (Chapman Avenue, Tustin Avenue,
Cambridge Street, Glassell Street, Santiago Street, Main Street, Flower
Street, and Bristol Street). Although all bridge crossings were
designed to have sufficient cross sectional capacity to convey the
design flood, their locations prevent realignment of the channel for
effective floodflow and minimizing bank erosion.

Bxisting Flood Control Facilities
VILLA PARK DAM

2-04 Villa Park Dam is owned and operated by Orange County
Environmental Management Agency. The dam is located approximately 2.7
miles upstream from Villa Park Road and 3.4 miles downstream from
Santiago Dam, an existing water sugply reservoir. _Villa Park dam has a
total drainage area of about 83 mi¢ of which 63 mi“ are upstream from
Santiago Dam. The existing flood control dam has an earthfilled embank-
ment with its top at elevation 584.25 above the National Geodetic
Vertical Datum (NGVD) of 1929. A detached concrete-rectangular spillway
located on the right abutment of the dam has an ogee crest with a length
of 200 feet at elevation 566 feet. At this elevation, the reservoir has
a capacity of approximately 16,000 acre-feet. The spillway wag designed
to convey a peak discharge of 29,000 cubic feet per second (ft-/s) with
a surcharge of 11 feet. The outflow from the gated 13 x 13-foot outlet
conduit with the intake of elevation 486 feet is regulated by three

6 x 12-foot hydraulic slide gates capable of releasing 6,000 ft-/s.

GRAVEL PITS

2-05 The Blue Diamond and Bond pits were created by years of mining of
sand and gravel adjacent to the streambed area, and were not designed as
water storage structures. Due to their location and size, the pits have
provided storage capacity for streamflow resulting in the reduction of
the peak discharge in the creek downstream from the pits. 1In order to
convey streamflows into the pits, a 21-foot diameter corrugated metal
culvert under Villa Park Road was provided by local interests. The
culvert, which has an intake at elevation 248.5 and outlet at elevation
240 feet, is 56 feet below the top of road (elevation 305 feet).
Hydraulic calculations indicate that the conduit is capable of conveying
the design flood.

2-06 Three large corrugated metal pipes under Prospect Street currently

serve as the outlet from the gravel pits. There are two 19 x 12-foot
arch pipes with an inlet and outlet at elevations 284 and 281,
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respectively, and an 18 x 14-foot arch pipe with about the same inlet
and outlet elevationg. The three pipes together have a discharge
capacity of 7,000 ft-/s with the water surface equal to the top of the
street at elevation 300 feet.

Channe] Improvements

2-07 Existing flood control structures along portions of Santiago Creek
are very extensive and were constructed a long time ago. Some of the
existing cobblestone and concrete walls along the toe of existing banks
were probably built in the 1930's. Although detailed construction
drawings of these walls are no longer available, these walls are still
functional and providing protection for the existing banks.

2-08 From Walnut Street (sta. 263+00) to the vicinity of Shaffer Street
(sta. 151+00) (shown on pls. 11 through 14), the existing creek remains
more or less in its natural course and cross section over a distance of
approximately 2.1 miles except at (1) the Santiago Golf Course (between
channel sta. 192+00 and sta. 152+00), (2) all bridge crossings (Chapman
Avenue at sta. 228+08, Newport Freeway at sta. 213+20, Tustin Avenue at
sta. 192+87, and Cambridge Street at sta. 164+42), and (3) scattered
bank protection provided for individual existing housing tracts.
Hydraulic calculations indicate that the maximum water surface for the
100-year design flood would be confined within the existing banks and
would not cause any damage to adjacent properties or facilities. Three
localized bank protections are provided in this reach of Santiago Creek.
First, one located on the south bank of the Creek just upstream from
Tustin Avenue is an 1800-foot long revetment with a 24-inch grouted
stone over 6 inches of filter blanket with the toe extended 9 feet below
the streambed. The protection was constructed by a private developer in
1979, and Orange County Environmental Management Agency is responsible
for maintenance of the protection. The second bank protection is
situated on the north end of the creek between station 157430 and
station 151+70 immediately upstream of Shaffer Street. This 560-foot
long bank protection consists of 2-foot-thick stone blanket over 6
inches of filter blanket. A 6-foot-wide horizontal toe was provided at
T feet below the streambed. This protection was constructed by a
private developer. The third bank protection was constructed by the
City of Orange in 1979 for the south bank of the creek between station
152400 and station 160+50. The protection consists of 24 inches of
riprap over 6 inches of filter blanket, with the toe extending to 3 feet
below the existing thalweg of the creek.

2-09 Approximately 1,600 feet of the Santiago Creek streambed between
Shaffer Street (sta. 151+00) and Glassell Street (sta. 134+93) was paved
with asphalt and is utilized for parking. The lined channel has a width
of approximately 90 feet with 6-foot high cobblestone walls. Detailed
construction drawings of the walls do not exist. It appears that the
walls were built before 1940, Although in the floodway, this parking
area has been used successfully both as a channel and a parking area for
visitors to Hart Park during the dry summer season over the last several
decades. Dual use of the streambed is expected to continue in the
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future. Computed water surface of the 100-year design flood indicates
that the cross section of the channel through this parking area would be
adequate for conveyance of the design flood without overtopping the
cobblestone walls.

2-10 Between Glassell Street (sta. 134+93) and Santiago Street

(sta. 109+93), over a distance of approximately 2,500 feet, both banks
of Santiago Creek are protected by existing concrete gravity walls.
These walls have a height of about 8 feet above the existing ground
surface and a top width of one foot. The exact dimension and
construction details of these walls are not available. The walls were
constructed prior to 1940. Over the past 40 years, the walls have been
stable, and the channel is large enough to convey the design flow of
4,000 ft3/s.

2-11 From Santiago Street (sta. 109+93) to Main Street (sta. 85+35),
concrete masonry walls were built along both banks of the creek.
Available drawings dated March 1947 indicate that these walls were in
existence then. A typical wall section consists of a 30-inch-wide
footing and 5-foot-high concrete masonry wall with two or three addi-
tional masonry blocks staggered on top of the footing as shown on plate
16. A portion of the channel invert in the vicinity of Valencia Street
(sta. 101+60) was paved for parking. The channel formed by the masonry
walls and parking area is adequate to control the design floodflow.
Photographs shown on pages 1I-8 through II-9, indicate existing
conditions.

2-12 Housing tracts are located on both banks of the creek from the
Santa Ana Freeway to the Santa Ana River (channel sta. 10+400), a
distance of about 6,400 _feet. The creek is capable of conveying the
design flow of 5,000 ft3/s, but its banks are subject to erosion. The
flood of 1969 had a peak discharge of approximately 7,000 ft3/s and did
not overtop the channel banks; however, the channel was enlarged by
severe bank and invert erosion. The project design flood will result in
the flow velocities of 9 to 13 fps.

2-13 Between the Santa Ana Freeway (sta. 75+30 and Flower Street

sta. 57+20) bank protection measures by individual property owners pre-
dominate and the result is a conglomerate of various types of protection
including natural banks, cobblestone, concrete masonry, and concrete
walls.

2-14 From Flower Street (sta. 57+20) to Bristol Street (sta. 29+42) the
existing trapezoidal channel base width is restricted to about 20 feet
with side slopes of approximately 1V on 2H. The slopes are protected by
wire-mesh and a growth of ice plant. Many large trees of different
varieties such as pine, oak, eucalyptus, sycamore, and cypress are
growing along the top of the channel banks.

2-15 Downstream of Bristol Street to the Santa Ana River, a distance of
about 1,600 feet, the trapezoidal channel has a base width ranging from
20 to 40 feet and side slopes of 1V on 2H. The side slopes are
protected with wire-mesh and a growth of ice plant.
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Water Conservation at Gravel Pits

2-16 In early 1986, Orange County Water District (OCWD) acquired the
land of the Blue Diamond and Bond pits from Conrock Company. The OCWD
will pump water from the Santa Ana River by constructing (construction
started January 1988) a 66-inch pipeline to these pits for storage and
percolation into the groundwater supply basin. The water conservation
project would be initiated prior to the construction of the flood
control project; therefore certain features of the existing pits would
have to be modified for water conservation. The Water District proposed
to: (1) modify the existing steep banks of the pit from 1V on 1H to 1V
on 2H by constructing buttress fills to stabilize the existing slope;
(2) improve the 21-foot CMP culvert under Villa Park Road by
constructing a concrete transition structure, a baffled apron spillway,
and a stilling basin for prevention of erosion; and (3) provide a
140-foot wide spillway with a crest elevation at 290 feet for emergency
overflow of floodwater from the pits. _The spillway would be designed to
accommodate a peak outflow of 3,500 rt3/s. A portion of Santiago Creek
downstream of the spillway would be revetted for the anticipated
spillway flow. Details of the recommended improvements are presented in
the "Design Report for the Santiago Creek Site Improvements"™ dated
February 1986. The report was prepared for Orange County Water District
by Lowry and Associates Consulting Engineers,

The Flood Problem

2=-17 The flood problem along Santiago Creek can be attributed to the
inadequate size of the channel to safely convey the major floods and the
high velocity of the flow which causes erosion to the unrevetted banks
along the creek. Erosion of banks could allow the creek to change
course and could cause severe damage to residential and commercial
developments along the creek.

The Authorized Plan

2-18 The authorized flood control plan is described in the Phase I
General Design Memorandum on the Santa Ana River Main Stem Including
Santiago Creek dated September 1980. The authorized plan consists of
(1) detention flood control storage at existing gravel pits located
between Villa Park Road and Prospect Street, (2) an outlet structure at
Prospect Street, and (3) a riprap trapezoidal channel between the Santa
Ana Freeway and the Santa Ana River. The plan recommended in this
report is in general accordance with the authorized plan.

The Plan Recommended In This Report
2-19 pPpased on the need to reduce the peak discharge of floodwater and

to prevent bank erosion along the downstream reach of Santiago Creek,
the plan recommended in this report is essentially the same as the one
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authorized by Congress. The plan has been refined to include (1) the
latest physical changes of the project, (2) the results of detail design
studies, (3) the environmental concerns of various agencies, and

(4) criteria established by the local sponsoring agency.

a. In order to reduce the peak discharge along Santiago Creek from
Prospect Street to the confluence with Santa Ana River, the outflow from
the pits would be eontrol%ed and regulated so that the peak discharge
would not exceed 3,500 ft-/s during the 100-year design flood. The
existing Blue Diamond and Bond pits between elevations 274 and 298 feet
would be utilized for detention of the floodwater. The storage below
elevation 274 would be used by the OCWD for water conservation. The
existing steep banks of the pits between elevations 170 and 260 feet
would be stablized by placing a compacted buttress fill on a 1V on 2H
slope against the existing slope. Orange County Water District has
proposed to modify the existing slopes up to elevation 230 for water
conservation before the construction of the flood control project. The
additional modification to the existing slopes from elevation 230 to
elevation 260 would be included in the flood control project.

b. The existing creek downstream from the outlet works from the
vicinity of Walnut Avenue to the Santa Ana Freeway, a distance of about
5.5 miles, would be unimproved and remain in its existing condition. A
floodway would be designated under the guidelines of Federal Emergency
Management Agency (FEMA) for the unimproved reach. Hydraulic
computations indicate that velocities within this reach of the creek
would vary from 3 to 11 feet per second depending on the location,
condition, and slope of the creek. The design floodflow would be
confined within the existing banks. The local sponsoring agency would
be responsible for the floodway management and proper operation and
maintenance of this reach of the channel.

c. At the downstream side of the Santa Ana Freeway would begin a
6,400 foot long trapezoidal channel section. This section would be
lined with riprap. The invert would have riprap thickness which varies
from 12 inches to 21 inches and the side slope thickness would vary from
12 inches to 36 inches. Also, the channel would be lined with a filter
blanket which would vary in thickness from 6 inches to 9 inches
depending on the thickness of the riprap. The width of the invert
varies from 30 feet to 80 feet. Side slopes of 1.75 horizontal to
1 vertical will be required because of right-of-way limitations. The
downstream end of the channel would be at the confluence with the Santa
Ana River. A transition at the confluence will consist of an 12-inch-
thick, 50-foot-long grouted rock apron placed 10 feet below the design
invert of the mainstem.

d. The proposed recreation plan would include a 12 foot wide
bicycle, hiking, and jogging trail running upstream from Walnut Avenue
to Prospect Street on the maintenance access road provided as a part of
the basic flood control project. The trail running upstream from
Prospect Street to the proposed rest area would be within the project
right-of-way on the east side of the Band Pit. The proposed trail rest
stop would be developed on the west side of Hewes Road directly adjacent
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to an as yet unnamed County Regional Park. The rest stop would include
an overlook shade structure, drinking fountain, trash receptacles, and

appropriate landscaping and signage.

Consideration of Other Alternatives

2-20 Both banks of Santiago Creek from the Santa Ana Freeway to the
Santa Ana River have been urbanized and housing tracts have encroached
into the floodway. The existing fences mark the location of the
property lines indicating that the land available for channel
construction varies significantly from one location to the next. The
Phase I GDM recommended a channel improvement of 18 inches of riprap on
the 1V to 2.5H channel banks and the channel invert, without a
maintenance road on top of the channel. Early in the design, OCEMA
required consideration of a 20-foot-wide open space be afforded on top
of the bank for the operation of maintenance equipment. The existing
fence lines and large trees growing on top of channel bank also restrict
the space which could be acceptably used for construction and operation
of the channel. Investigation of alternative designs for the flood
control channel was necessary.

2-21 1In addition to the trapezoidal riprap channel cross section as
presented in the Phase I GDM, three other designs were considered and
evaluated: (1) a trapezoidal concrete channel cross section with a base
width varying from 30 to 60 feet, channel heights ranging from 11 to

17 feet, and 1V on 2H side slopes, (2) a composite trapezoidal channel
cross section similar to (1) except in areas of restrictive rights-of-
way a concrete vertical wall was provided at the top of slope, (3) a
trapezoidal riprap channel cross section with a base width varying from
30 to 80 feet, channel heights ranging from 9 to 13.5 feet and 1V on
1.75H side slopes, (4) a concrete rectangular channel, with concrete
invert, (5) a concrete rectangular channel with earth invert, (6) a
channel with soll cement walls on a 1V on 1H slope, and (7) the 1980
plan without access roads. Based on acceptability to both OCEMA and the
local community, the third alternative was considered for implementation.
It is similar to the Phase I recommended channel improvement except
channel side slopes were steepened to 1V on 1.75 H and riprap was
provided to the design water surface (zero freeboard) in entrenched
areas to minimize effects on existing fence lines (rights-of-way) and to
avoid concrete or grouted stone construction. Where possible freeboard
was added in one foot increments on both sides of the channel equally in
reaches greater than U400 feet in length if the existing fence lines
would not be effected. Access to the channel invert would be through
the parking area at Hart Park (shown on pl. 15) and from the invert of
the Santa Ana River (shown on pl. 19).

Departures from Authorized Plan
2-22 There are two primary departures from the recommended plan at
Santiago Creek. First, the gravel pits at Villa Park and Bond Road have

been aqquired by the Orange County Water District (OCWD), which will use
them for water conservation and flood control. To modify the pits for

II-7




SRR —

-

-

water conservation, the OCWD will flatten the side slope of the banks.
The pits would no longer be available for disposal of excavated material
from the Santa Ana River Channél, but flood contrul storage of
approximately 3,500 acre-feet would be still be available as provided in
the Phase 1 GDM, with an additional 1,118 acre-feet of storage needed to
control the 100-year flood outflow to 3,500 cfs.

2-23 The second departure from the recommended plan involves the
elimination of access roads from the channel improvements at the lower
end of Santiago Creek. The existing earth-bottom trapezoidal channel
will be enlarged and lined with 18- to 36-inch riprap. This will
provide the floodplain with the authorized 100-year flood protection.
All operation and maintenance will be assumed by OCEMA; thus OCEMA has
assured that emergency maintenance will be done by alternative methods
other than conventional maintenance roads. Orange County will be
responsible for seeking access agreements across private property to
facilitate repair of the channel should damage occur during periods of
high flow. Regular maintenance will be accomplished from the channel
invert during the dry season.

1I-8
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PHOTO II-1. CHANNEL AT STA. 81+00

PHOTO II-2 BLOCK WALL AT STA. 90+00

IT-9




PHOTO II-3 CHANNEL AT STA. 125+00
SHOWING GARDEN GROVE FWY.

PHOTO II-4. CHANNEL AT STA. 134+00
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III. HYDROLOGY

Introduction

3-01 This section presents a brief description of the Santiago Creek
drainage basin and presents design discharges for the recommended
Santiago Creek improvements. More detailed information on the
development of the hydrology is given in Volume 7 of the Phase II
General Design Memorandum for the Santa Ana River Mainstem including

Santiago Creek.

General

3-02 Santiago Creek drains approximately 102 mil. Most of the
watershed is within Orange County, with a small portion of the
headwaters in Riverside County. It flows southwest through the Cities
of Orange and Santa Ana into the Santa Ana River. Elevations in the
basin range from 110 feet at the confluence with the Santa Ana River to
5687 feet at Santiago Peak in the Santa Ana Mountains. Stream gradients
range from 25 feet per mile in the lower reaches of Santiago Creek to
305 feet per mile in the upper reaches.

3-03 The watershed climate is semiarid, characterized by moderate
precipitation in the winter and little or no precipitation in the
summer. Precipitation in the watershed is nearly all in the form of
rain and snow is not considered an important contributory factor to
runoff in Santiago Creek. Typically, most of the rainfall occurs during
the 4-month period from December through March. Rainless periods of
several months in the summer are not uncommon. The mean annual rainfall
over the watershed is approximately 18 inches, with ranges from 12
inches near the Santa Ana River to 28 inches in the higher mountain
areas. Runoff in the basin is erratic with almost no flow for several
months at a time. Climatic and drainage area characteristics are not
conducive to continuous flow and little or no streamflow occurs, except
during and immediately after rain.
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3-04 The watershed of Santiago Creek contains a major water supply
reservoir, a flood control dam, and gravel pits, all of which influence
flood runoff. The gravel pits (Blue Diamond - Bond Pits) are being
developed by local interests as a groundwater recharge basin. The upper
part of the storage allocation in the gravel pits will be reserved for
flood control purposes as part of this groject. The drainage area above
Villa Park Dam is approximately 83.8 mi€ and is expected to remain
largely undeveloped during the project life, Downstream from Villa Park
Dam, the foothills and the alluvial plain are presently partially
urbanized and are expected to be completely urbanized by the end of the
project life. Figure 1 shows the project location and the Santiago

Creek drainage area.

Design Flood Peak Discharges

3-05 The recommended plan for Santiago Creek provides 100-year flood
protection for the residents of the Santiago Creek floodplain. The
recommended improvements include constructing flood control gates at the
outlet of the gravel pits and making downstreag channel improvements to
pass the 100-year design discharge of 5,000 ft°/s. The operation plan
of the outlet would match ogtflow equal to inflow up to a controlled
maximum release of 3,500 ft”/s. The_pits would store the volume of
uncontrolled spillway flow (5,640 ft3/s) from Villa Park Dam. This
routing is shown in figure 2. Contemporaneous runoff from the area
downstream from the pjits, added to the outflow, results in a peak
discharge of 5,000 ft°/s at the Santa Ana River. The 100-year design
discharges are shown in figure 3 and listed in table III-1,
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Table III-1. Design Flood Peak Discharges along the

Santiago Creek Channel.

Drainage Design
Area Dis-
Concentration Contributed charge
Point Subarea Name (mi) (ft3/sec)
Santiago Reservoir Basin A 63.40
at Santiago Dam
Villa Park Dam Qutflow A, B 83.80 5,600
Handy Creek at upstream c 2.90 820
of Jamestown Way
Santiago Creek at A, B, C, D 91.40 5,600
Villa Park Road
Pits Outflow at A, B,C,D, D, E 94,59 3,500
at Prospect Avenue
Walnut Avenue 3,700
Chapman Avenue A,B,C,D, D, E, F 96.98 3,900
Tustin Avenue 4,200
Garden Grove Freeway A,B,C,D,D,E, F, G 101.02 4,500
Santa Ana Freeway 4,700
Confluence with Santa A, B,C,D, D, E, F, G, H 102.70 5,000

Ana River
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IV. HYDRAULIC DESIGN

General

PROJECT DESCRIPTION

4-01 The authorized flood control project for Santiago Creek will
consist basically of a below-grade reservoir formed by abandoned gravel
pits between Villa Park Road and Prospect Street, a gated outlet
structure at Prospect Street, an improved outlet channel from Prospect
Street approximately 4,000 feet downstream to Walnut Avenue, and channel
stabilization for approximately 6,400 feet from the Santa Ana Freeway to
the Santa Ana River. The project described herein follows the plan
authorized in the Phase I General Design Memorandum with the following
exceptions: (1) the inlet structure at Villa Park Road has been
eliminated; (2) the automatic constant-level gates will be replaced by
radial gates; (3) a single transferable bulkhead gate will be provided
for maintenance of the service gates; (4) an overflow structure will be
provided to insure that the location of flooding downstream of the
project does not change when the design flood is exceeded; and (5) the
channel cross section between the Santa Ana Freeway and the Santa Ana
River has been modified. Further discussion of these exceptions is
provided herein.

GENERAL DESIGN CRITERIA

4-02 The hydraulic design of the project was prepared following general
guidance in EM 1110-2~1601 "Hydraulic Design of Flood Control Channels,"
EM 1110-2-1602 "Hydraulic Design of Reservoir Outlet Works," ETL 1110-2-
120 "Additional Guidance for Riprap Channel Protection,™ applicable
Hydraulic Design Charts, and other accepted references as noted herein.
Specific hydraulic design criteria for this project is_to control the
100-year flood by reducing the peak inflow of 5,600 ft3/s to 3,500 ft3/s,
which is the maximum non-damaging discharge of the existing channel.

The outlet structure must pass all inflows up to 3,500 ft3/s, and
regulate the outflow to 3,500 ft3/s for all pool levels in the pits
between elevations 280 and 298. The outlet structure must provide
reasonable flow regulation if one service gate is inoperative in the
closed position. Since there are no appreciable physical or economic
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constraints to force the hydraulic design to depart from established
general design criteria, verification of the design by physcial model
studies is deemed unnecessary.

ALTERNATIVE DESIGN

4-03 A conceptual design of various alternatives for the outlet
structure was conducted. Preliminary designs were prepared for outlet
structures with sill elevations at, below, and above the sill elevation
used in the Phase I GDM, each structure with three service gates, and
for an outlet structure at the same sill elevation with four service
gates. All designs were prepared to fully satisfy the established
design criteria with one gate assumed inoperative in the closed
position. It was determined that the least costly of the above
alternatives would be an outlet structure at the same sill elevation
considered in the Phase I GDM, with three service gates.

404 After final design of the three-gate outlet structure was
completed, the possibility of eliminating one of the three gates and
gate passages was investigated. The investigation was made in
accordance with guidance in EM 110-2-1602, paragraph 3-12a. This
guidance requires that, for reservoir outlet flows requiring regulation,
"two or more gate passages be provided, such that if one passage is
inoperative, a reasonable flow regulation as pertains to project
purposes can be obtained." Consequently, backwater computations were
made through the outlet structure for tne three-gate design assuming two
gates inoperative in the closed position, and a rating curve was
established. The design flood as well as lesser floods were then routed
through the outlet structure and overflow structure. With only one gate
operative, the following increases in the 100-year design discharge
would occur downstream: at Prospect Street, 31 percent; at the Newport
Freeway, 17 percent; at the Garden Grove Freeway, 2 percent; at the
Santa Ana River, 0 percent. In addition, a single gate could satisfy
the design criteria of controlling the outflow to a maximum of 3,500
ft3/s and the pool elevation to a maximum of 298 feet NGVD for up to a
95-year flood. From the above results, it was concluded that a two-gate
structure can provide a reasonable level of protection in the unlikely
event that one gate passage is unavailable for flow regulation.
Consequently, the third gate and gate passage were eliminated from the
outlet structure.

Inlet Structure
GENERAL

4.05 Under existing conditions, flows enter the gravel pits through a
21-foot diameter, 333-foot long corrugated metal pipe under Villa Park
Road. The plan approved in the Phase I General Design Memorandum called
for replacing this pipe with a clear span bridge and an inlet chute with
baffle blocks. The chute would extend down the side of the road
embankment approximately 74 feet to the bottom of the pits. At the time
the Phase I GDM was prepared, the pits had been abandoned by the owner.
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It was likely that the water surface in the pits could be relatively low
at the beginning of a major flood; hence, the Phase I plan called for an
inlet structure that would dissipate the energy of the inflow as it
passed down the embankment of Villa Park Road.

4-06 Subsequent to the time the Phase I report was prepared, the pits
have been acquired by the Orange County Water District. This agency
plans to use the pits as a water conservation facility and store water
during the flood season, up to elevation 274. Any modification of the
inlet would be required for either the water conservation project or for
protection of Villa Park Road and is not required as a result of the
flood control project. A deep pool will exist when the outlet gates are
in operation for flood control. The hydraulic capacity of the existing
pipe under Villa Park Road was analyzed to determine if the pipe could
convey the design flood inflow without effecting the flood control
project.

ANALYSIS

4.07 Hydraulic rating curves of upstream water surface elevation versus
discharge were prepared for tailwater elevations of 280, 285, 290, 295,
and 298. 1Inlet control and outlet control computations were prepared.
For inlet control, the orifice equation was used with a value of 0.6 for
the discharge coefficient C. This value corresponds to a sharp-edged
entrance, which was assumed to achieve a conservatively low estimate for
discharge. For outlet control, a value of 0.7 for the intake loss
coefficient K, was used, and a Manning's "n" value of 0.024 was used for
friction losses.

4.08 Because of the high submergence the control will be at the outlet
for all tailwater elevations investigated. The resulting rating curves
are displayed in figure 4. Since the tailwater elevation varies during
the design flood, the headwater elevation was computed using the Corps
of Engineers Interior Drainage Flood Routing computer program. The
tailwater elevation versus time relation was taken from a hydrologic
flood routing of the design flood hydrograph assuming all inflow reaches
the pits unimpeded. It was determined that the maximum headwater
elevation will be 303.3 feet, which is 2.2 feet below the low point of
Villa Park Road.

4.09 Based on this analysis, the existing pipe inlet has sufficient
capacity to admit the design flood without overtopping the Villa Park
Road embankment. Even if the pipe were to become partially clogged and
cause overtopping of the road embankment, none of the inflow could flank
the pits because of surrounding high ground. Also, no flow surge will
result from overtopping and failure of the road embankment because the
storage available in the pits is much greater than the limited storage
upstream of the road. No additional features will be required at the
inlet for the satisfactory operation of the flood control project.
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Outlet Structure
GENERAL

4-10 The outlet structure will consist of a trash strut, a covered
entrance chamber with two sets of gate slots for emergency closure by
means of a single transferable bulkhead gate, an open gate chamber with
two radial gates for flow regulation, a parabolic approach chute, a
stilling basin with baffle blocks and end sill, and an exit transition
with an adverse-sloping apron (pls. 5 through 8).

TRASH STRUT
General

4-11 The trash strut (pls. 7, and 8) is designed to trap all debris
large enough to damage or clog the outlet, yet still provide minimum
resistance to flow. The trash strut will be in the form of a half
hexagon in plan view and will consist basically of vertical concrete
beams 1 foot wide and horizontal concrete struts 2 feet wide. The edges
of all members will be streamlined with a semi-circular shape to
minimize resistance to flow. The strut will be 32.5 feet high by

70 feet wide. The outside top of the strut will be at elevation

300 feet, 2 feet above the maximum pool level. The strut will provide
48 openings, each 6 feet high by 5.25 feet wide. To facilitate removal
of trash, the strut will have a batter of 10 vertical on 1 horizontal
and the roof across the strut and entrance chamber will be structurally
designed to support heavy equipment.

Design Criteria

4-12 Following guidance in EM 1110-2-1602, the vertical and horizontal
openings of the trash strut were set to be less than two-thirds of the
gate height and width, respectively. The total net area will be

820 ftz, which is the minimum required to keep the energy loss through
the strut to an acceptable level. If this area were to be reduced by
50 percent because of trash accumulation, the average velocitg through
the strut would be 8.8 ft/s at the design release of 3,500 ft2/s at the
minimum pool elevation of 280 feet. This velocity is well below the
maximum velocity of 15 fps recommended in EM 1110-2-1602.

Bnergy Losses

4-13 Equation 2-12 in EM 1110-2-1602 was used to determine energy
losses through the trash struts. For capacity computations, the strut
was assumed 50 percent clogged. For this condition, a loss coefficient
K value of 1.18 was calculated using Equation 11, p. 472, "Design of
Small Dams,"™ U.S. Bureau of Reclamation. For velocity computations for
the design of the stilling basin, the energy loss through the strut was
assumed zero to achieve a conservatively high velocity.
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ENTRANCE CHAMBER
General

4-14 The entrance chamber containing the gate slots for a single
transferable bulkhead gate will be covered to provide maintenance access
for the trash strut, slide gates, and radial gates. The upstream edge
of the chamber will coincide with the trash strut, and the downstream
edge will coincide with the intake headwall. The length of the chamber
will vary from 14.5 to 42 feet, which will allow ample access to the
slide gate operators and for maintenance vehicles. The invert will be
level at elevation 267.5. For energy losses at the gate slots, a loss
coefficient K value of 0.01 was used for capacity computations, as
recomme:.ded in EM 1110-2-1602. For friction losses, a Manning's "n"
value of 0.016 was used. For velocity computations, both losses were
neglected.

Vortex Control

4-15 Vortices can increase the propensity of debris clogging the trash
strut and thus should be avoided. The design of the outlet was checked
for the formation of vortices using criteria in EM 1110-2-1602. Since
the design is symmetrical, the design curve on plate C-35 for
symmetrical approaches was used. It was determined that the intake will
be vortex-free for pool elevations between 290 and 298. During the
design flood, the pool will be in this range for 85 percent of the total
duration of the event. To minimize the possibility of vortices for the
remaining 15 percent of the duration of the design event, an anti-vortex
plate will be provided. The plate will extend across the entire width
of the entrance chamber at elevation 274. The plate will consist of a
steel grating 3.7 feet wide by 2 inches high with openings 1 foot
square. The plate will suppress the formation of vortices by creating
flow resistance to eddy currents. The design of the plate was based on
the results of a hydraulic model study of a similar device used in a
Junction structure of a large sanitary sewer outfall; the design is
documented in the Colorado State University report "Hydraulic Model
Study of South West Ocean Outfall Distribution Box," by D.B. Simons et
al., March 1978.

GATE CHAMBER
General

4-.16 The chamber containing the radial gates for flow control will be
open to the atmosphere and will be divided into two separate smaller
chambers. Each radial gate will be 20 feet wide and 12 feet high. The
minimum height of the intake conduit at the entrance will be 12 feet.
The maximum gate opening for controlled releases will be 10 feet to
assure flow control at the gate lip. The roof and pier noses at the
entrance will be streamlined with simple elliptical curves following
guidance in EM 1110-2-1602, paragraph 3-6c and plate C-22. The invert
will be level at elevation 267.5. The length of the chamber will be

22 feet,
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Energy Losses

4-17 Discharge coefficients for the radial gates were determined from
Plate C-24 of EM 1110-2-1602. Flow through the radial gates will remain
unsubmerged by tailwater for the design discharge at all pool elevations
between 280 and 298 feet. The contraction coefficient was calculated
using Equation 6-43, in Open Channel Flow, by Henderson. The
contraction coefficient was used to calculate the depth and velocity of
the vena contracta immediately downstream of the gates. This procedure
inherently includes the energy loss through the radial gates from the
water surface in the covered gate chamber immediately upstream. For
free-flow conditions at the gate, the discharge coefficients will range
from 0.67 to 0.74, and contraction coefficients will vary from 0.78 to
0.98. The energy loss from the entrance chamber to the radial gates was
determined using plate C-22 in EM-1110-2-1602. The pressure drop
coefficient "C" was taken as the head loss coefficient "K", and the
maximum value of 1.1 was used.

Gate Rating Curve

4-18 A rating curve for various openings of one radial service gate for
the minimum pool elevation of 280 feet is displayed in figure 5. The
curve is based on 50 percent clogging of the trash strut and maximum
energy losses. A complete family of rating curves for various pool
elevations and gate openings will be prepared later for the water
control manual for the project. To more closely approximate typical
operating conditions, the trash strut will be assumed 25 percent
clogged, and average values of energy loss coefficients will be used.

STILLING BASIN
General

4-19 The stilling basin will ensure the formation of a stable hydraulic
jump through which the high energy of the jet under the radial gates can
be safely dissipated. The stilling basin configuration is displayed on
plate 7. The basin will feature a parabolic¢ approach chute from the
radial gate chamber, a depressed invert with baffle blocks and end sill,
and a transition with a adverse-sloping exit apron. The transition will
join the two separate chambers of the stilling basin to the concrete
outlet channel.

4.20 The length of the parabolic approach chute will be 33 feet. The
upstream and downstream invert elevations will be 267.5 and 260 feet,
respectively. The upstream and downstream wall heights will be 14 and
17 feet, respectively. The length of the stilling basin proper will be
45 feet from the parabolic chute to the end sill. The invert of the
basin will be level at 260, and the wall height will be a constant

17 feet. The length of the transition will be 78 feet. The upstream
and downstream invert elevations of the transition will be 260.5 and
265.2, respectively. The wall height will vary from 17 feet at the
upstream end to 10 feet at the downstream end. The parabolic chute and
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stilling basin will be divided into two chambers, each 20 feet wide,
separated by divider walls 2 feet thick. The upstream and downstream
widths of the transition will be U2 and 47 feet, respectively. The
divider walls will extend 20 feet into the upstream end of the
transition.

4.21 Each chamber of the stilling basin will contain two rows of baffle
blocks spaced 2 feet apart and an end sill. Each block will be 2 feet
high, 1 foot wide at the top, and have a 45-degree slope on the
downstream face. The first row of blocks will be located 22 feet
downstream of the parabolic chute. The second row of blocks will be
located 7.5 feet downstream from the first row, with the blocks
staggered between the upstream blocks. The end sill located 15.5 feet
downstream from the second row of block will be 1 foot high, 0.5 feet
wide at the top, and have a U5-degree slope on the upstream face.

Design Criteria

422 The stilling basin was designed following guidance in EM 1110-2-
1602, Chapter 5 and Appendix F. The controlling design condition for
the basin is the design release of 3,500 ft-/s at the maximum pool
elevation of 298. This condition will generate the strongest hydraulic
jump. The design was evaluated for other flow conditions to ensure that
the hydraulic jump will be contained within the basin. The upstream
sequent depth of the jump was calculated by neglecting energy losses
between the radial gate and the basin to achieve a conservatively high
estimate of incoming velocity. The elevation of the invert of the basin
was determined by trial such that the tailwater depth will be 0.85 of
the sequent depth d, of the jump. The tailwater depth was calculated
with backwater computations for the outlet channel, as discussed below.
The top of the outer stilling basin walls will be at elevation 277 to
provide 2.3 feet of the freeboard above the maximum d, depth.

4-.23 As indicated above, one design objective of the stilling basin is
to ensure that the hydraulic jump is contained within the basin for all
flow conditions. The controlling case for the design of the basin is
the maximum operating level of 298. For the minimum operating level of
280, the hydraulic jump will be submerged and thus will not sweep out of
the basin. For opegating elevations between 280 and 298 and the design
release of 3,500 ft-“/s, the Froude Numbers range from 2.95 to 5.22.
Undesirable undular jumps occur only for Froude Numbers less than 1.7,
and thus will not present a problem for the design releage. However, an
undular jump could form for a release less than 3,500 ft2/s, and the
corresponding wavy water surface could overtop the walls of the stilling
basin. To check for this possibility, the height of the first wave of
an undular jump was determined using plate 47 of EM 1110-2-1601. The
computations indicated that the maximum depth of an undular jump will be
less than the corresponding tailwater elevation, so that any undular
Jump will be submerged. Also, the length of any undular jump was
determined using figure 15-04, in Open Channel Hydraulics, by Chow, and
was found to be less than the length of the stilling basin. As a
result, the hydraulic jump will be contained within the stilling basin
for the full range of operating conditions.
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4-24 The invert profile of the parabolic approach chute was computed
using Equation 5-3, EM 1110-2-1602. The transition was designed
following guidance in EM 1110-2-1601, paragraph 10. The flare angle for
the transition walls will be 1.8 degrees, which is well below the
maximum recommended value of 6 degrees. The divider walls in the
stilling basin will extend 20 feet into the exit apron to minimize
disturbance when the separate flows combine, yet still minimize
encroachment in the transition.

Energy Losses

4-25 For capacity computations at the maximum pool elevation, the
energy loss through the hydraulic jump was computed using Equation 3-24
(Chow). Friction losses through the parabolic chute and transition were
computed with a Manning's "n" value of 0.016. For the stilling basin,
the friction loss was included, and a Manning's "n" value of 0.0l was
used to account for the roughness provided by the baffle blocks and end
sill. For the transition, the expansion loss was computed using an
expansion coefficient of 0.3. For capacity computations at the minimum
pool elevation, the energy loss through the hydraulic jump was rieglected
since the jump will be submerged by the tailwater.

SUMMARY OF HYDRAULIC ELEMENTS

4-26 A summary of hydraulic elements through the outlet structure is
presented in table IV-1. Elements are shown for the minimum pool
elevation of 280 feet, for which maximum energy losses were considered,
and also for the maximum pool elevation of 298 feet, for which mimimum
energy losses were considered.

RATING CURVE WITH GATES WIDE OPEN

427 A rating curve for the outlet structure for open channel flow
conditions with both service gates wide open is displayed in figure 6.
The curve was prepared using backwater computations from the downstream
end of the stilling basin to the reservoir pool. The Los Angeles
District computer program WASURO was used to calculate the water
surface. Maximum energy losses were considered for both the outlet
structure, as explained in paragraphs 4-13, 4-14, and 4-25 and also for
the outlet channel, as explained in paragraphs 4-29, 4-30, and 4-33. It
was determined that critical depth control will prevail just downstream
of the crest of the parabolic approach chute for the entire range of
operating discharges. The rating curve was utilized to route the design
flood through the reservoir. The routing of the design flood is
discussed in this design memorandum in Volume 7, Hydrology.
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Table 1V-1. Summary of Hydraulic Elements for Outlet Structure.

Pool Elevation

Hydraulic Element 280 Ft 298 Ft
Maximum Discharge (total) 3,500 £t3/sec 3,500 £t3/sec
Radial Gate Opening 10 ft 3.1 ft
Depth at Vena Contracta 9.8 ft 2.3 ft
Velocity at Vena Contracta 8.9 ft/s 38.7 ft/s
Depth at Toe of Parabolic Drop 12.5 ft 2.0 ft
Velocity at Toe of Parabolic Drop 7.0 ft/s 44,9 ft/s
Depth at U/S End of Stilling Basin 12.5 ft 4.7 ft
Velocity of U/S End of Stilling Basin 7.0 ft/s 6.0 ft/s
Depth at D/S End of Stilling Basin 12.5 ft 12.5 ft
Velocity at D/S End of Stilling Basin 7.0 ft/s 7.0 ft/s
Depth at End of Transition T.4 ft 7.4 ft
Velocity at End of Transition 11.9 ft/s 11.9 ft/s

Outlet Channel

GENERAL

4-28 The outlet channel (pls. 7, 10, and 11) will begin at the
downstream end of the exit apron of the stilling basin. The first

200 feet will consist of a rectangular concrete channel under Prospect
Street. Immediately downstream will be a 300-foot long concrete
transition, rectangular at the upstream end and trapezoidal at the
downstream end. Downstream of the transition, a trapezoidal channel
revetted with riprap on the sides and invert will extend approximately
4,000 feet downstream to a point of daylighting with the existing
natural channel near Walnut Avenue. The improved channel will join the
natural channel with a 100-foot long transition.

RECTARGULAR CHANNEL

4-29 The rectangular concrete channel will have a bottom width of

47 feet, a wall height of 11 feet, a single pier one foot wide, and an
invert s%ope of 0.003. The water surface for the design discharge of
3,500 ft2/s was computed with the WASURO computer program. Following
guidance in EM 1110-2-1601, a relative roughness "k" value of 0.007 feet
was used for capacity computations. The corresponding Manning's
roughness coefficient "n" is 0.016. Since the trash strut was designed
to trap only large debris, an allowance of 2 feet of debris on each side
of the pier was made. The flow state will be stable suberitical, with
the depth more than 10 percent greater than critical depth. Class A
flow will prevail at the upstream end of the pier. The freeboard will
range from 2.3 to 2.7 feet, which exceeds the minimum value of 2.0 feet
recommended in EM 1110-2-1601.
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TRANSITION

4-30 The transition from the rectangular concrete channel to the
riprap-lined trapezoidal channel will be the warped type, with vertical
sides at the upstream end and sloping sides of 2 horizontal to

1 vertical at the downstream end. The transition will be 300 feet long,
have upstream and downstream bottom widths of 40 and 30 feet,
respectively, upstream and downstream wall heights of 10 and 12.5 feet,
respectively, and an invert slope of 0.003. The transition was designed
in accordance with EM 1110-2-1601, paragraph 10 and plate 20. The wall
flare angle was set at 5 degrees, which is less than the recommended
maximum of 6 degrees. The water surface was computed as discussed in
paragraph b., above. An expansion loss coefficient of 0.3 was used to
compute expansion losses. Freeboard will vary from 2.5 to 3.6 feet,
which equals or exceeds the minimum value of 2.5 feet recommended in

EM 1110-2-1601 for trapezoidal channels.

TRAPEZOIDAL CHANNEL

4-31 The trapezoidal channel will have a bottom width of 30 feet, depth
of 12.5 feet, invert slope of 0.0024, and side slopes of 2 horizontal to
1 vertical. The channel will feature a special transition at the
abandoned railroad bridge, which would enable the bridge to remain in
place and avoid the cost of removal. The transition is displayed on
plate 9. The special transition will be required to protect the bridge
piers from the excavation required for the channel.

4-.32 The design discharges in Vol. 7, Hydrology, were utilized in a
manner such that the channel will not be overtaxed by potential future
side drains constructed upstream of the concentration points used in the
design hydrology. Specifically, design discharges at concentration
points were used for the reach of channel upstream and prorated
accordingly. Consequently, the design discharge is 3,700 ft3/s from the
upstream end of the channel to the railroad bridge, and 3,300 ft-/s
downstream. The design water surface was computed with the HEC-2
program, starting in the existing natural channel further downstream at
Chapman Avenue. The roughness coefficient was determined during the
design of the riprap.

4-33 The riprap was designed following guidance in EM 1110-2-1601 and
ETL 1110-2-120. An initial trial value of roughness coefficient was
assumed and a trial water surface was computed. An initial trial riprap
thickness and gradation were then assumed. An initial value of relative
roughness "k" was taken as the minimum value of the median rock
diameter, and a corresponding Manning's "n" value was determined using
plate IV-04 in EM 1110-2-1601. The water surface profile was
re-computed, and the riprap design was adjusted as required. The
process was repeated until the difference between the trial and final
"n" value was negligible. Then, the design water surface was recomputed
using a roughness coefficient based on the maximum value of the median
rock diameter for the adopted riprap design. The final roughness
coefficients are 0,029 for riprap design and 0.030 for channel depth.
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The flow state will be stable suberitical. Average flow velocities will
range from 6.9 to 8.5 fps. The riprap layer thickness will be 12 inches,
and the median rock diameter will be 8 inches for both the sides and
invert for the entire length. The above values correspond to a specific
weight of rock of 165 pcf. Freeboard will vary from 2.6 to 3.3 feet.

4-34 The horizontal alignment of the channel will include three simple
curves, each with a radius of 1,000 feet. The superelevation of the
water surface at these curves was computed with Equation 26 in

EM 1110-2-1601 and was found to range from 0.1 to 0.2 feet. Guidance in
EM 1110-2-1601 indicates that superelevation values of less than

0.5 feet can be accommodated with normal freeboard. Consequently, no
increase in channel depth will be required at the curves.

4-35 Losses at the special transition were calculated using the normal
bridge routine in the HEC-2 program. 7Two feet of debris was assumed on
each side of each pier.

4-36 The trapezoidal channel will meet the existing natural channel
with a simple transition. The transition will be graded to form a
smooth connection to the existing cross section and will be revetted
with 18 inches of grouted rock. A 10-foot-deep, 18-inch-thick grouted
rock cutoff wall will be provided at the downstream end to protect the
trapezoidal channel from possible degradation of the natural channel.

Overflow Structure

GENERAL

4-.37 Because the flood control project for Santiago Creek features a
below-grade reservoir created by abandoned gravel pits, there will be no
loss of reservoir when the design flood is exceeded. However, it is
important that the project not worsen downstream flooding by altering
flow paths when the design flood is exceeded. To satisfy this
objective, an overflow structure will be provided (pls. S and 9). The
structure will be located along the left bank of the existing channel of
Santiago Creek upstream of Prospect Street. The overflow structure will
consist of a simple 12-foot-wide broad-crested weir, 420 feet long, with
the crest set at the maximum pool elevation of 298 feet. Since the
minimum ground elevation along the downstream rim of the pits is

300 feet, the overflow structure will provide 2 feet of freeboard for
the design flood. The upstream and downstream sides of the structure,
as well as the invert and right bank of the creek channel, will be
protected from erosion with an 18-inch-thick layer of grouted rock.

DESIGN CRITERIA

4.38 pata for existing, without project overflow conditions was taken
from Flood Plain Information Report - Lower Santiago Creek, published by
the Loa Angeles District in 1973. The report indicates that overflow
will first occur along the existing creek alignment until the water
surface in the pits reaches elevation 300 feet. At that elevation,

V-1




© D . ———— --)¢f

~ v g e At -

-

water will begin to overflow the pits at the corner of Prospect Street
and Bond Avenue. Overflow at this location will continue to the south
and southeast, inundate a large area, and never return to Santiago
Creek. As a result, it was determined that the project must ensure that
when the design flood is exceeded the flood discharge along Santiago
Creek is the same as for existing conditions until the water surface in
the pits exceeds elevation 300 feet. 1In order to ensure that all of the
flow over the overflow structure reaches the existing Santiago Creek
channel, the ground surrounding the outlet works will be filled to
elevation 300 feet.

DESIGN PROCEDURE

4-39 In order to determine the appropriate design discharge for the
overflow structure, water surface computations were made for the
existing Santiago Creek channel from Chapman Avenue to the gravel pits
for a range of discharges. The computations were made with the HEC-2
program. Values of Manning®s roughness coefficient were determined
using Cowan's Method as described in Open Channel Hydraulics (Chow).
Vegetation in the channel was assumed to remain in place. The resulting
"n" values were determined to be 0.03 for the channel and 0.04 for the
overbanks. The Prospect Street culverts were assumed to remain
intact. When the water surface in the pits is ~t elevation 300 feet,
approximately 7,000 ft2?/s will flow down Santiago Creek. To maximize
reliability of operation when the design flood is exceeded, it was
determined that the opening for the service gates wiil remain at the
setting for the maximum operating pool elevation of 298 feet for all
higher pool elevations. Accor'dingly3 the overflow structure was
designed for a discharge of 3,500 ft”?/s, which is equal to the
difference of 7,000 ft°/s and the design discharge of 3,500 ft3/s
through the outlet structure.

4-40 The discharge coefficient was determined following guidance in the
Hydrologic Engineering Center publication Volume 6 - Water Surface

Profiles. Figure U4-02 was used to determine the base discharge

coefficient, and figure U4-03 was used to determine the correction for
submergence. For the design condition, the tailwater will submerge the
crest of the overflow structure by 1.4 feet. The resulting discharge
coefficient was determined to be 2.96. The rating curve for the
overflow structure is displayed in figure 7.

Channel from Walnut Avenue to Santa Ana Freeway
GEMERAL

4-41 As indicated in the Phase I General Design Memorandum, most of the
reach of Santiago Creek from Walnut Avenue to the Santa Ana Freeway has
been improved by local interests and has sufficient capacity to convey
the design flood. As part of the final design of this project, the
capacity of the channel was verified with backwater computations.
Hydraulic elements, freeboard values, profiles of the design flood water
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surface, the invert, and both banks, as well as overflow boundaries, are
displayed on plates 11 through 17. It was determined that the existing
channel will in fact contain the design flood throughout the entire
reach, except for some minor inundation confined close to the channel in
an undeveloped area on the left bank between stations 103+00 and 99+80.

ANALYSIS

4-42 Backwater computations were made with the HEC-2 computer program.
Channel geometry was taken from topographic mapping at a scale of 1 inch
to 100 feet, compiled from aerial photography flown in 1983, Bridge
geometry was taken from back-up data for the 1973 Flood Plain
Information Report. Additional channel and bridge geometry was taken
from field reconnaissance to verify and update the data as required.

Two feet of debris was assumed on each side of each pier at all

bridges. Values of Manning's roughness coefficient "n" were estimated
using Cowan's method. Values ranged from 0.018 in reaches of
cobblestone invert and walls to 0.05 in reaches of earth invert and
banks with considerable vegetation. Design discharges were developed as
described in paragraph U-32.

EROSION

4-43 Flow velocities for the design flood were determined to range from
3 to 14 ft/s, with an average of B ft/s. Average flow velocities
exceeding 6 ft/s are generally erosive. However, channel erosion is
difficult to quantify analytically. Consequently, local interests were
queried about the history of erosion in this reach. It was found tbkat
even during the flood of February 1969, which was the flood of record
and was larger than the design flood, erosion of the streambanks was
relatively minor. The only location where erosion damage was
significant was at the Cambridge Street bridge. As a result, it was
concluded that this reach can remain unimproved with no further
improvement and still convey the design flood with minimal inundation or
erosion damage.

Channel Stabilization from the Santa Ana Freeway to the
Santa Ana River

GENERAL

L-44 As indicated in the Phase I GDM, the reach of Santiago Creek from
the Santa Ana Freeway to the Santa Ana River has historically suffered
significant erosion and thus will require stabilization for safe
operation of the project. The conceptual plan authorized in the Phase I
report called for stabilization of this reach with an 18-inch-thick
layer of riprap, with minimal modification of the existing channel
geometry.
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DESIGN PROCEDURE

4-45 The design of the riprap followed the same procedure as for the
trapezoidal outlet channel, as explained in paragraph 4-33, except that
the WASURO program was used to compute the water surface. Design
discharges were developed as describgd in para. U4-32. The design
discharge for this reach is 5,000 ftZ/s. At the confluence with the
Santa Ana Riyer, the design water surface is controlled by the peak flow
of 46,000 ft°/s in the Santa Ana River downstrezam from the confluence
with the coincident discharge of 4,000 ft2/s in Santiago Creek.
Roughness coefficients for riprap design varied from 0.029 to 0.033.
For channel depth, the roughness coefficients varied from 0.030 to
0.038, with an average value of 0.033. The final water surface for
channel depth was computed using a constant value of 0.035.

STABILIZATION FEATURES

4-46 The channel stabilization, as shown on plates 17 through 20, will
result in a trapezoidal channel cross section with bottom widths ranging
from 30 to 80 feet and depths ranging from 8.5 to 12.5 feet. Side
slopes of 1.75 horizontal to 1 vertical will be required because of
right-of-way limitations. The invert will be graded into three reaches
with slopes of 0.004891, 0.005230, and 0.004566. A composite section
with vertical walls 6.5 feet high will be provided in a 65-foot long
reach through the pedestrian bridge just upstream of Bristol Street.

The composite section is required to minimize the backwater effect of
the piers and to keep the flow regime stable. Velocities based on
minimum roughness coefficients, will range from 9.0 to 12.9 ft/s. A
summary of hydraulic elements is provided on plate 21. The stabilized
channel will convey the design discharge below the existing ground at
the right-of-way line, although freeboard in many locations will be less
than the minimum of 2.5 feet recommended in EM 1110-2-1601.

4-47 Riprap thickness will vary from 12 inches on both the sides and
invert to 36 inches on the sides and 21 inches on the invert. The
variation of the riprap thickness and median rock diameter along the
stabilization reach is shown on plate 21. For much of the reach, it
Wwill not be possible to place riprap above the design water surface
because of right-of-way constraints. However, where sufficient right-
of-way is available, the top of the riprap was set up to a maximum of
2 feet above the design water surface, with consideration given to
practical construction by adhering to the following criteria: (1) no
interference with existing fence lines; (2) the same top of riprap
elevation for both sides of the channel; (3) minimum increments of one
foot above the water surface; and (U4) increments constant for a minimum
length of U400 feet along the channel.

4-48 The channel stabilization will join the channel improvements for
the Santa Ana River with a simple transition. The grade control
structure that will be constructed in the Santa Ana River just
downstream of the confluence will control general degradation of the
mainstem and thus will prevent headcutting in the stabilized reach of
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Santiago Creek. Protection from possible local scour at the downstream
end of the stabilization will be prevented by an 18- inch-thick, 10-foot-
deep grouted rock apron.

Sedimentation

4-49 The design of the flood control project for Santiago Creek will
inherently prevent any adverse sedimentation impacts. Deposition of
sediment in the channel downstream of the outlet structure will be
prevented because all of the inflowing bed material load will be
deposited in the deep pool in the pits. Scour of the downstream channel
invert and erosion of the channel banks will be prevented by the riprap
revetment in the outlet channel and in the stabilized reach downstream
of the Santa Ana Freeway. Significant erosion has not occurred
historically in the reach of the channel that will remain unimproved,
even for flows larger than the design flood, as noted in paragraph 4-42
above. Headcutting in the two reaches of channel improvement will be
prevented by the cutoff wall at the end of the outlet channel and by the
grade stabilization that will be constructed for the Santa Ana River at
the confluence with Santiago Creek. Consequently, no sedimentation
analysis was required for the project.

Interior Flood Control and Side Drainage

4-50 The flood control project for Santiago Creek will not include any
levees or floodwalls that would impede runoff from interior areas from
entering the channel. Consequently, the project will induce no adverse
interior flood control impacts. However, adequate provisions must be
made to ensure that the interior runoff can safely enter the channel at
the proper locations without damaging the riprap. Consequently, a side
drainage investigation was conducted to locate existing and future
locations of side inflow and to estimate design discharges. At the
present time local interests have no firm plans for future storm drains
in either the reach of the outlet channel or the reach of channel
stabilization.

4-51 The local 100-year flood was selected as the design flood for side
drainage. Side drain requirements will be satisfied by (1) providing
junction structures for existing storm drains; (2) providing inlet
structures or confluences for well-defined natural or partly improved
tributaries; (3) providing grouted-rock spillways for unconfined shallow
side flows in excess of existing drain capacities to enter the channel
over the sides. Design discharges for existing drains are generally
unavailable. Consequently, drain capacities were conservatively
estimated assuming full flow with no pressure head, using the general
ground slope along the drain as the slope of the hydraulic grade line.
Flows in excess of existing drain capacities will enter the channel
through grouted rock spillways located where such flows concentrate
under existing conditions. The spillways will be trapezoidal in shape
with side slopes of 10 horizontal to 1 vertical. The depths of the
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spillways were set at 1 foot, and the widths were set to keep the side
flow depth to 0.7 feet, assuming critical depth at the crest. A minimum
width of 20 feet was used so that maintenance vehicles can easily cross
the spillway. Cut-off walls 3 feet deep will be provided at the upper
and lower ends to prevent undermining by erosion. The development of
side drain discharges is presented in volume 7, section 12. A tabula-
tion of pertinent side drain data is given in table IV-2.

4.52 A T7-foot-high by 7-foot-wide concrete arch storm drain conveys
local runoff under Center Drive into the existing gravel pits
approximately 850 feet upstream from Prospect Street. This drain

conveys local runoff into the pits up_to its estimated capacity of

640 ft°/s. The excess flow of 660 ft3/s during the local 100-year flood
will drain to the southwest away from the location of the drain. Most
of the excess runoff will flow directly to the Santa Ana River; the
remainder will spread out, commingle with other interior runoff, and
enter Santiago Creek at several locations between the pits and the Santa
Ana River. Consequently, no provisions for the disposition of excess
flow will be required at the drain.

Residual Flooding

4-53 The authorized flood control plan for the Santiago Creek project
will provide a 100-year level of protection. For flood control projects
in urban areas providing less than standard project flood (SPF)
protection, such as the Santiago Creek project, Corps of Engineers
guidance calls for providing a description of the consequences of floods
exceeding the project capacity. Consequently, the areal extent of
flooding for the with-project standard project flood, which has a
recurrence interval of approximately 250 years, is displayed in

figure 8.

4-54 This overflow map is a modification of the without-project
standard project flood overflow map displayed in the Phase I General
Design Memorandum. It was possible to utilize the without-project SPF
overflow because the limited storage capacity of the pits will result in
a insignificant reduction of the SPF peak discharge for with-project
conditions. The Phase I GDM overflows were modified by incorporating
additional information pertaining to the breakout from the pits at
Prospect Street and Bond Avenue. The additional information was taken
from the June 1979 flood insurance study for the city of Orange.
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Hydrologic Facilities

RESERVOIR WATER SURFACE RECORDING SYSTEM

4.55 The device used to record the water surface elevation of the
Santiago Creek reservoir will be a servomanometer. This includes a
purge bubbler system, a nitrogen storage tank, and a 2-inch rigid water-
tight conduit installed just beneath the downstream face of the
reservoir that runs from the top down to the reservoir bottom. Two
orifices with pull boxes at 0 feet and 20 feet above the bottom will be
installed in the 2-inch conduit. In addition, pull boxes will be
installed in the conduit every 100 linear feet to provide for
installation and repair access to the conduit. Two polyethylene tubes
will be inserted within the conduit, one for each orifice. The bottom
orifice will be enclosed with a sediment screen/tower, 10 feet high, to
protect it from being buried in sediment. A strip-chart water surface
recorder will be installed to automatically record water surface
measurements from the servomanometer. An B8-foot by 8-foot by 14-foot
high concrete house will be constructed on the top of the reservoir to
contain the hydrologic instrumentation and to provide AC power. A
digital readout display will be attached to the recorder to display the
latest recorded measurement.

RESERVOIR STAFF GAUGES

4-56 A series of staff gauge boards will be installed along the
upstream face of the reservoir. The boards will be graduated in 0.10
foot increments. Each staff gauge board will be at least 5 feet high
and attached to galvanized steel post set in concrete. Each staff board
should be installed so as to be readable from the top of the reservoir.
The elevation of these staff gauges should be adjustable.

OUTLET GATE RECORDERS

457 Each outlet service gate has an automatic recorder to document all
gate movements. These recorders will monitor gate settings and make a
permanent record of trem. They will be connected to the gate control
mechanisms and the radio telemetry equipment. The recorders should be
automatically activated each time a gate control switch is activated and
a recording of the new gate setting with the date and time will be made.
This information will be recorded on paper and transmitted to the Los
Angeles District Office via the radio telemetry equipment.

PRECIPTATION STATIONS
4-58 Tipping bucket rain gauges will be installed at the control house

and at the stream gauging station downstream of the reservoir. The
tippin; bucket will accumulate .01 inch of rainfall before each tip.
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STREAM GAUGING STATION

4-59 An outflow gauging station will be constructed approximately 1,000
feet downstream form the outlet works. An 8-foot by 8-foot by 1li-foot
high concrete instrument house will be installed to provide shelter and
AC power for the hydrologic instrumentation. The stream gauge will be a
35-foot manometer gauge with purge bubbler system and nitrogen storage
tank. The measurements from this gauge will be automatically recorded
by a strip-cart water level recorder. Staff gauges will also be
installed to allow visual measurement of the water surface at the

gauge. A digital readout display will be attached to the recorder to
display the latest recorded measurement.

RADIO TELEMETRY EQUIPMENT

4-60 A "remote terminal unit" (RTU) entirely compatible with the
existing Los Angeles District's telemetry system will be installed at
both the Santiago Creek reservoir water surface level control house and
the downstream control house. 1In addition, in order to assist real-time
operation of the Santiago Creek reservoir, RTU's will be installed on
the water surface recorders of both Santiago Dam and the USGS stream
gauge number 11077500, "Santiago Creek at Santa Ana". Each RTU will
include a power supply, hydrologic instrument interface, a shaft
interface to connect to the water surface recorder, programmable micro-
computer control, radio transceiver, and antenna. These RTU's will
transmit the gauged information to the District Office via a radio
repeater station.
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V. GEOLOGY, SOILS, AND MATERIALS

Field investigations were conducted along Santiago Creek for
determination of the geology, groundwater, and foundation conditions of
the project area. Results of the geotechnical explorations and
laboratory testing as well as recommendations for foundation treatment,
embankment design, and construction considerations are presented in
appendix A entitled Geotechnical Appendix.
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VI. STRUCTURAL DESIGN

General

6-01 This section presents the general structural design criteria for
the Santiago Creek reservoir outlet structure. The main structural
elements include the entrance structure; gate chamber; stilling basin;
transition basin; divider walls and concrete culvert section.

References

6-02 Design will be based on accepted engineering practice and will
conform to the following Engineering Manuals (EM's), Engineering
Technical Letters (ETL's), and Engineering Regulations (ER's):

EM 1110-1-2101
EM 1110-1-2000
EM 1110-2-2103
EM 1110-2-2400
EM 1110-2-2502
EM 1110-2-2902

ER 1110-2-1806

ETL 1110-2-256

ETL 1110-2-312

Working Stresses for Structural Design

Standard Practice for Concrete

Details of Reinforcement - Hydraulic Structures
Structural Design of Spillways and Outlet Works
Retaining Walls

Conduits, Culverts, and Pipes

Earthquake Design and Analysis for Corps of
Engineers Projects

Sliding Stability

Strength Design Criteria for Reinforced
Hydrauliec Structures

Other applicable ETL's, EM's (EM 1110-series), draft EM's, and codes

listed therein.
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Material Properties Concrete

6-03 Concrete design strengths will be based on 28-day compressive
strengths of 3,000 and 4,000 psi. Design will be in accordance with
applicable EM's and ETL's.

6-04 The trash structure and all other structures, except concrete box
culvert, would be designed using 3,000 psi concrete. The box culvert
would be designed using 4,000 psi concrete, ASTM 615 Grades 60 or U0
reinforcing steel would be used where concrete is reinforced. Design
yield strengths will be 48,000 psi and 40,000 psi for Grades 60 and 40
steels, respectively. Details of reinforcement would be in accordance
with EM 1110-2-2103.

6-05 For the weights and properties of soils refer to Appendix A,
titled "Geotechnical."

Table VI-1. Unit Design Stresses.

Concrete

Cast-in-place structures other
than culverts..ccoeceseoccsnnss f'e
Culverts..ccieveencccssesecennse fle

3,000 1b/in®
4,000 1b/in?

Allowable Compressive Strength

Flexure for retaining walls

and £100dWAL1S.seseeeessensanns fe = 0.35 f'c = 1,055 1b/in2
Flexure for culvertS.....eesess fc = 0.45 fre = 1,800 1b/in2
RatiO.iceeevessocsssensscncsnnne n = Es/Ec

Modulus of elasticity...eeeess. Ec = 57,000 (f'c) /2

Reinforcing Steel (Grade 40 or 60)

Allowable tensile strength..... fs = 20,000 1b/in?
Modulus of E1asticity.eeeeeee.. Es = 29,000,000 1b/in?
Design Weights
Concrete Weight....eecesessesos We = 150 1b/ft3
Water Weight...eeeeeeseeenenons Ww + 62.5 1b/ft3

(Refer to Appendix titled "Geology, Soils, and Materials" for the
weights and properties of soils).
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Trash Structure

6-06 The reinforced concrete trash structure consists of a front wall,
side walls, invert slab and roof slab, which would be used as a working
platform. The front wall, normal to the channel center-line, would be
located at upstream end of outlet works. The side walls would be
rigidly connected to the front wall and flared out, making an angle of
30 degrees with the channel center-line. The length and height for the
front and side walls would be approximately 32 feet and 32.5 feet,
respectively.

6-07 Sixteen openings, four both vertically and horizontally, would be
provided in each wall. Each opening would be 6.5 feet wide and

3.25 feet high. The walls would be rigidly connected to invert slab at
bottom and roof slab at top. All trash struts would be designed for
minimym water differential head of 5 feet. The roof of the trash
structure would be designed as two-way slab, with uniform load of

250 psf or a concentrated load of 3,000 lbs, whichever governs.

Gate Chamber

6-08 The gate structure would be designed in accordance with

EM 1110-2-2400. Two radial gates with motorized gate operator located
at approximately station 299+90 would be provided. A single
transferable bulkhead gate located at approximately station 300+15 would
be required.

Stilling Basin

6-09 The stilling basin consist of a parabolic drop portion and a flat
portion. Baffle blocks would be located along the flat porition to
dissipate energy.

6-10 The wall structure would be designed as a L wall section with
width of 64 feet. The L wall section would be designed for two
conditions of loading: Condition I (i.e., channel empty), and
Condition II (i.e., channel full). For Condition I, earth pressure
would be considered to the top of the wall. The lateral earth pressure
would be computed for a condition of drained backfill material. The
magnitude of combined earth pressure and equipment surcharge loading of
a maximum of 200 lb/ft? would be applied. Friction with a coefficient
of equal to the tangent of the angle of internal friction of the
backfill material would be assumed to act on the back of walls.
Straight line distribution of soil pressure would be assumed in the
design of walls. For Condition II, the hydrostatic pressure of 62.5
lbo/ft? on the channel side of wall would be balanced by the passive
lateral earth pressure acting on the back of the wall, where the
backfill is at the top of walls.
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Transition Section

6-11 The channel width varies from 64 feet at station 299+13 to 40 feet
at station 298+15. The rectangular walls would be designed as L-type

walls in accordance with the design presented herein for the stilling
basin.

Divider Wall

6-12 Divider walls are provided from station 300+15 to station 298493
and are located at on third point of the channel width. Divider walls

would be designed for maximum wall differential (i.e., channel empty and
center channel full or vice versa).

Concrete Box Culverts

6-13 A double barrel box culvert would be 23 feet wide and 11 feet high
for each barrel and 210 feet long. The culvert would k> located under
Prospect Street. The reinforced concrete box would be designed in
accordance with EM 1110-2-2903.

6-14 The loads on the culvert would be vertical and horizontal earth
load. Hydrostatic pressures, foundation pressures, and live load, which
Will be due to highway loading HS 20-44,

VI-4




Y 7->, —
| Pce |,
}
} Pe JE
2 : . Pe “

S AT B s wes > L T
3 {Soil Pressure
L o
? CASE 1 CASE T
1 Horizontal Earth Pressure Case | with Construction
? Equipment Load
¢
| VAV \
7 _iPeq
T T E P wind
! ° Pe/ '

‘ T T, L//J

; ' CASE I CASE ]SZ_

Case I with Seismic Force Wind Force with No Backfil
; under construction

; RETAINING WALL LOADING CONDITIONS

Note: Loads are unfactored




DL + L.L.

4 ‘-r‘

N
[

- Loteral Soil Pressure
F - +L.L. Surchorge

LS

DL+ LL.

CASE_I NORMAL LOAD
DESIGN OF CORNER

) DL+LL
1/72 Loteral Soil
) Pressure
. woter .
, L1
J D.L.+ LL + Woter

CASE T NORMAL LOAD WITH WATER
DESIGN OF MIDSPAN

Note: Loads are unfactored.

VI-6

\ BOX CULVERT LOADING CONDITIONS




VII. RELOCATION OF STREET AND UTILITY CROSSINGS

General

7-01 The recommended plan would include a gated outlet channel from the
Blue Diamond and Bond pits. Construction of this outlet channel would
require a detour or temporary crossing of Prospect Street. The proposed
channel from Santa Ana Freeway to the Santa Ana River would not require
any relocation or modification of highway or street bridges, but certain
utilities would require relocation.

Prospect Street

7-02 Due to the short distance from the pits of the outlet channel,
construction of the channel would be more economical by open excavation
than by tunneling. Since the outlet channel would be located within a
horizontal curve of Prospect Street and the street is about 20 feet
above the adjacent ground surface, provision of a temporary bypass
during the construction of the channel would be difficult and costly.
One feasible alternative would be to close the street temporarily during
channel construction and divert all vehicular traffic crossing the
street to Villa Park Road or Chapman Avenue both of which are
approximately one mile away. Construction of the portion of channel

under the street and restoration of Prospect Street would take about U4
months.

Utilities

7-03 Construction of the outlet channel from the gravel pits, and the
downstream channel from the Santa Ana Freeway to the Santa Ana River,
would require relocation or modification of existing utilities. The

location, size, type, and owner of existing utilities in the project
area are shown in table VII-1.
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Table VII-1.

List of Existing Utilities.

Channel Existing
Station Utility Owner Remarks
298482 Aerial Telephone To remain
298+33 3-inch Gas So. Cal. Gas Co. To be protected in
place
298+24 12-inch Water City of Orange To be protected in
(abandoned) place
297+08 3-inch Gas City of Orange To be relocated
296+00 to 8-inch Water City of Orange To be relocated
281400
266+12 Pipeline San Diego Pipeline To be relocated
Co.
264467 24-inch 0il San Diego Pipeline To be relocated
Co.
262+37 Telephone Cable Pacific Telephone To remain
Co.
57+36 12-inch To remain on
bridge
57T+17 4-inch Gas So. Cal. Gas Co. To remain on
bridge
56+98 10 3/4-inch Gas So. Cal. Gas Co. To remain on
bridge
29462 34-inch Water Metropolitan Water To remain
District
29453 18-inch Sewer City of Santa Ana To remain
29+24 2-inch Gas So. Cal. Gas Co. To remain on
bridge
14430 8-inch Sewer City of Santa Ana To remain
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VIII. ACCESS ROADS

There will be an access service road provided along the banks of the
proposed outlet channel for maintenance and inspection. Vehicular
access will be provided from Prospect Avenue which will be constructed
of asphaltic concrete. Due to the request of the local sponsor and the
restrictive existing rights-of-way there will be no berm access along
the proposed riprap channel. The only access for maintenance vehicles
to the riprap channel will be along the bottom of the channel and during
periods of non-flow in the channel. There will be two access points to
the bottom of the riprap channel, one through Hart Park which is
approximately 1.1 miles upstream from the riprap channel and the other
access point will be from the Santa Ana River at the downstream end of
the riprap channel. Fence will be installed at the outlet structure,
Existing fence around the gravel pit will be left in place. No other
fence will be provided.
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IX. ENVIRONMENTAL ANALYSIS

Environmental Impacts

SEDIMENTATION

9-01 The proposed improvements will drastically reduce the amount of
sediment that moves down Santiago Creek to the Santa Ana River and the

ocean,
WATER RESOURCES
Hydrology and Water Use

9-02 Beneficial impacts occur for water conservation as the gravel pits
are modified for flood control.

Water Quality

9-03 Water quality in the area is good. No long-term impact to the
water quality is expected as a result of this project. Short-term
impact may result from the construction, but will be minimized by
operating during the dry season and employing standard construction
practices to prevent degradation of water quality.

AIR QUALITY

9-04 Impacts to air quality will be local and short term, due to
construction activities, and will primarily be associated with vehicle
emissions and dust generation. Increased vehicle emissions will result
from heavy equipment use on the construction site, trucks hauling borrow
materials to the construction site, if necessary, and from personal
vehicles driven by construction workers. Dust generation caused by
activities during construction may impact the area of residential
developmgnt along the creekbed, Chapman General Hospital, and other
health units in the area.
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LAND USE AND SOCIAL CONCERNS
Important Farmlands

9-05 No farmlands are located within or adjacent to the project area.
Recreation

9-06 No existing recreational facilities will be impacted as a result
of this project. No impacts will be associated with the overlook
structure or trail.

Growth Inducement

9-07 Growth inducement as a result of the improvement to Santiago Creek
is not likely. The areas around much of the proposed improved
downstream sections of Santiago Creek are already intensively

urbanized. The proposed improved sections around Prospect and Warner
Avenues are currently proposed for development.

TRANSPORTATION AND UTILITIES
Facilities

9-08 No streets or railroads will be relocated. The utilities to be
relocated are indicated in table VII-1. The Flower Street bridge will
not be impacted.

Access

9-09 Access to the project areas will be via local city streets.
Although overall traffic patterns and volume should not be significantly
impacted, peak traffic hours may be effected. Prospect Street will be
closed for the construction of the concrete box channel under Prospect
Street for approximately four months.

Transport of Borrow and Disposal Materials

9-10 Borrow materials will be transported on local public roads.
Routing plans and time restrictions may be necessary. Any excess
excavation shall be disposed of in local disposal pits.

WOISE

9-11 The lower Santiago Creek area is a relatively urban area, with
some human-induced noise present due to the presence of residential
neighborhoods which run along the length of the downstream portion of
the creek. Considerable noise will occur during construction. These
short-term impacts are expected particularly to residences which are one
to three houses away from the creek. At the upper end of Santiago
Creek, noise impacts are not expected to be significant.
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BIOLOGICAL RESOURCES

9-12 Material excavated during construction of the Santiago Creek
channel will be used to modify and stabilize the slopes of the gravel
pit between Prospect Street and Villa Park Road. The remaining volume
in the pits is to be used for flood control purposes and, since Orange
County Water District now owns the pits, for water conservation.
purposes. In the Phase I document, these pits were to be a disposal
site for all material excavated from Santiago Channel.

9-13 An overflow structure has been added to the gravel pit since the
Phase I SEIS. This structure would occur just upstream from Prospect
Street in the existing channel. The structure would occupy about

2.7 acres which would include removal of 1.7 acres of a willow woodland
with mulefat and scattered cottonwoods. The remaining area is a
disturbed area with roads and some scattered mulefat.

9-14 The widening of the right-of-way at the lower end of Santiago
Creek would result in the removal of an increased number of trees. Most
of these would be ornamental trees, although there could be some planted
sycamores within this area. Nevertheless, because this area is so
tightly surrounded by urban development, the loss of biological resource
values would not be significant. As mitigation for the loss of 2.2
acres of willow woodland in Santiago Creek, 3.5 acres of willows,
cottonwoods, sycamores, and mulefat would be planted and irrigated in
areas above the 298-foot elevation in the vicinity of the old Santiago
Creek bed, upstream from the overflow structure. The 298-foot elevation
is important because the OCWD wants to hold water to this elevation
during the dry season.

Endangered and Threatened Species

9-15 Changes in the proposed project for Santiago Creek will not result
in any impacts to endangered or threatened species.

CULTURAL RESOURCES

9-16 Two historic bridges have been identified in the reach of the
creek to be channelized. Neither of these bridges appears to be
eligible for inclusion in the National Register of Historic Places. It
does not appear that either of these bridges will be affected by the
proposed project. Areas to be impacted by disposal site usage have not
been inventoried for the presence of cultural resources as these areas
have not yet been identified. Therefore, it i1s possible that additional
impacts, especially to archeological sites, may occur. No
paleontological resources are known to occur in this project area, so no
mitigation is necessary.
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ESTHETICS

9-17 The proposed improvements will generally not significantly impact
the existing visually poor gravel pit area. The willow woodland area
will suffer a reduction in visual quality due to construction of the
overflow structure. Replacing of the willow woodland will alleviate
visual impacts. Downstream view of the creek from adjacent houses and
street overpasses will suffer due to removal of all vegetation in the
channel. Planting will be accomplished along the fenceline to reduce
the esthetic impact. The basic concept is to provide a landscape plan
that would minimize the detrimental visual impact of the flood control
project. Emphasis will be to incorporate a landscape compatible with
the surroundings, such as indigenous native plant material or ornamental
plantings in an attempt to maintain the identity and character of that
particular reach. For areas of limited right-of-way (less than 5 feet
in width) hydroseed and stones will be used for erosion control.

PUBLIC SAFETY

9-17 No access road will be maintained between Santa Ana River and the
Santa Ana Freeway.
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X. DIVERSION AND CONTROL OF WATER DURING CONSTRUCTION

10-01 According to available climatological information, southern
California has a warm and dry period between April 15 and October 15,
and a cool and rainy period from October 15 to April 15. The existing
Santiago Dam intercepts most of the runoff from a large percentage of
the project drainage area, and Villa Park Dam has the capacity t%
control floods up to 70-year frequency to an outflow of 3,500 ft°/s. 1In
addition, the existing Blue Diamond and Bond pits would retain some of
the releases from Villa Park Dam. Flooding of the construction area
could be the result of either an unseasonal thunderstorm event or
unusually heavy rainfall over the uncontrolled drainage area downstream
from Villa Park Dam. Construction of Santiago Creek Channel would be
scheduled during the dry period of the year (April 15 to October 15) to
minimize the need for extensive water diversion facilities.

10-02 Both the outlet channel and downstream channels are comparatively
short and construction should be completed within the dry period of the
year. Local water flowing in the streambed can be controlled within the
construction area by cofferdams, dikes, and pumps.
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XI. REAL ESTATE REQUIREMENTS

General

11-01 Santiago Creek is the largest tributary to the Santa Ana River
downstream from Prado Dam originating on the western slopes of the Santa
Ana Mountains. Most of the areas to be taken in flowage easements are
owned by the Orange County Water District and consist primarily of
depleted or nearly depleted gravel pits. The area is zoned for sand and
gravel mining. These pits were acquired in 1984 by the Water District
for both water conservation and flood control use. An estimated 281.5
acres are needed for the project with 272.5 acres owned by Orange County
Water District. The balance is made up of small private ownerships.
There is one dwelling within the area to be taken. The Standard Corps
of Engineers Flowage Easement (QOccasional Flooding) will be amended to
provide for the Orange County Water District's residual use of the area
for water conservation purposes. The flowage easement language with the
amended portion is included hereafter.

Estimated Cost

11-02 The estimated costs of lands and easements are provided below.

Land $3,723,000
Iwprovements 150,000
Damages 186,000
Contingencies (20%) 812,000
Relocations 15,000
Administrative Costs 198,000

Total estimated costs $5,084,000
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STANDARD CORPS OF ENGINEERS FLOWAGE EASEMENT
WITH MODIFICATION (UNDERLINED)
NECESSARY TO ACCOMMODATE
RESIDUAL USE BY

ORANGE COUNTY WATER CONSERVATION DISTRICT

11-03 The perpetual right, power, privilege and easement occasionally
to overflow, flood and submerge (the land described in Schedule A) in
connection with the operation and maintenance of the Santa Ana River
Mainstem Flood Control Project as authorized by the Act of Congress
approved , together with all right, title and
interest in and to the structures and improvements now situate on the
land, except fencing, provided that no structures for human habitation
shall be constructed or maintained on the land nor shall any other
structures be constructed or maintained except as may be approved in
writing by the representative of the United States in charge of the
project. No excavation shall be conducted and no landfill placed on the
land without such approval as to the location and method of excavation
and/or placement of landfill.

The above estate is taken subject to existing easements for public
roads and highways, public utilities, railroads, and pipelines;
reserving to the grantor, its heirs and assigns, all such rights and
privileges as may be used and enjoyed, including the residual use of the
area herein described for the purpose of water conservation to elevation

274 feet Mean Sea Level (M.S.L.). Said right of residual use shall

include the right to construct and operate an outlet gate for the

purpose of maintaining and controlling the water conservation pool to a

maximum elevation of 274 feet M.S.L. The rights reserved to the grantor

shall not interfere with the use of the project for the purpose
authorized by Congress or abridge the rights and easement hereby
acquired; provided further that any use of the land shall be subject to
Federal and State laws with respect to pollution.
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XII. COST ESTIMATES

First Cost

12-01 The first cost for Santiago Creek based on October 1987 price
level, including construction, engineering and design, and rights-of-way
is presently estimated at $15,139,000. The unit prices were based on
bid prices for similar flood control projects in southern California.
Adjustment was made to these unit prices to reflect the specific project
conditions such as accessibility, size of the project, and unusual types
of construction. In compliance with EM 1110-2-1301, a 15 percent
contingency was added to the estimated construction cost. For
engineering and design, and supervision and administration, 10 and

6 percent of the construction cost were chosen, respectively, based on
the rates within the Los Angeles District. The costs for lands and
damages were determined by gross appraisals. The detailed first cost
estimate is presented in table XII-2.

Coamparison of Estimates

12-02 The Phase I GDM cost estimate for Santiago Creek using October
1987 price level is estimated at $14,720,000. The first cost is
estimated to be $15,143,000 using October 1987 price levels. The
comparison of each cost is presented in table XII-3. The difference of
$423,000 between the Phase I GDM (Oct 1987 price level) cost estimate
and first cost estimate are explained as follows:

a. An increase of $13,000 due to the increase of utilities required
for the project.

b. An increase of $186,000 due to an increase of cost for fill
material and to excavate.

c. An increase of $35,000 due to diversion and control of water.
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An increase of $244,000 for clearing and removing of
obstructions which was not included in the Phase I GDM.

A decrease of $1,519,000 due to the elimination of the inlet
structure.

An increase of $1,5U43,000 due to the outlet structure change in
design to include an overflow structure and an increase to the
upstream trapezoidal channel of 715 L.F.

An increase of $29,000 for an additional access roads which was
not included in the Phase 1 GDM.

An increase of $194,000 due to the increase of 420 L.F. of the
downstream trapezoidal channel.

A decrease of $409,000 due to less esthetic treatment required.

An increase of $55,000 due to permanent operating equipment
which was not included in the Phase I GDM.

An increase of $74,000 due to mitigation requirements which was
not included in the Phase I GDM.

An increase of $114,000 due to engineering and design necessary.

An increase of $31,000 due to supervision and administration
necessary.

An increase of $30,000 due to an operation and maintenance
manual not included in the Phase 1 GDM.

A decrease of $116,000 due to a decrease in the cost of real
estate.

An increase of $25,000 due to a detour at Prospect Street which
was not included in the Phase I GDM.

A decrease of $440,000 for relocation costs due to the
elimination of a bridge at the inlet structure.

An increase of $334,000 due to Preconstruction Engineering and
Design requirements which were not included in the Phase I GDM.
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Table XII-1. Summary of First Cost.
(October 1987 Price Level)

Description Amount
02 Relocations $23,000
03 Reservoirs 1,672,000
09 Channel
. Diversion and Control of Water 73,000
Clear and Remove Obstructions 244,000
Qutlet Structure & Channel (sta. 300412 4,379,000
§ to sta. 252+00)
Access Roads
i Asphaltic Concrete 61,000
i Lower Channel
Station TH+35 to Station 10+15 1,583,000
H *sEsthetic Treatment 171,000
f Mitigation (Planting) 74,000
[ 20 Permanent Operations Equipment 55,000
= 30 Engineering and Design 834,000
]
i 31 Supervision and Administration 501,000
; 51.22 Operation and Maintenance Manual 30,000
Total, Construction 9,700,000
. ##%#Total, Lands, Damages and Relocations 5,109,000
)
. Preconstruction Engineering & Design 334,000
|
| . Total, Flood Control First Cost 15, 143,000
]
; TH #Total, Recreation Development 194,000
; GRAND TOTAL PROJECT COST $15,337,000

! %#See appendix B for .ost breakdown.
¢ #%See table XIV-2 for cost breakdown.
% #%%5ee para. 11-02 for cost breakdown.
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Table XII-2.

(October 1987 Price Level)

Detailed Estimate of First Cost.

Acct. Unit Sub-
No. Description Unit  Quantity Price total Total
02 Relocations:
Utilities Job 1 L.S. $20,000
Subtotal Utilities 20,000
Contingencies (15%) 3,000
Total Utilities $23,000
03 Reservoirs:
Excavation C.Y. 199,600 2.40  $479,000
Fill C.Y. 325,000 3.00 975,000
Subtotal Reservoirs $1,U454,000
Contingencies (15%) 218,000
Total Reservoirs $1,672,000
09 Channel Costs, Station
300+12 to Station 252+00:
Diversion and Control
of Water Job 1 L.S. 32,000
Clear and Remove
Obstructions Job 1 L.S. 100,000
Outlet Structure:
Excavation C.Y. 29,000 2.40 70,000
Fill C.Y. 11,600 3.00 35,000
Concrete:
Invert C.Y. 1,200 90.00 108,000
Walls C.Y. 1,200 153.00 184,000
Soffit C.Y. 350 156.00 55,000
Baffle Blocks Ea. 18 206.00 4,000
Flood Walls c.Y. 345 153.00 53,000
Reinforced Steel L.B. 309,500 42 130,000
Trash Structure Job 1 L.S. 49,000
Radial Gates Ea. 2 192,400 385,000
Bulkhead Gate Ea. 1 35,000 35,000
Anti-Vortex Plate Job 1 L.S. 5,000
Emergency Generator Job 1 L.S. 182,000
& Misc.
Overflow Structure
Excavation C.Y. 4y, 221 2.40 106,000
Grouted Stone C.Y. 2,780 70.00 195,000
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Table XII-2.

(Continued)

Acct, Unit Sub-
No. Description Unit Quantity Price total Total
Outlet Channel:
Excavation c.Y. 61,000 2.40 146,000
Fill c.Y. 13,000 3.00 39,000
Concrete
Invert c.Y. 2,700 90.00 243,000
Walls Cc.Y. 700 153.00 107,000
Soffit Cc.Y. 1,200 156.00 187,000
Reinforced Steel L.B. 460,000 0.42 193,000
Excavation c.Y. 259,600 2.40 623,000
Fill c.Y. 15,900 3.00 48,000
Riprap Ton 21,100 21.00 443,000
Filter Material c.Y. 7,700 23.00 177,000
Grouted Stone Job 1 L.S. 10,000
Access Roads:
Asphaltic Concrete Ton 1,100 48.00 53,000
Lower Channel
Station T4+35 to
Station 10+15:
Diversion & Control Job 1 L.S. 31,000
of Water
Clear & Remove Job 1 L.S. 112,000
Obstructions
Excavation c.Y. 41,400 3.31 137,000
Fill c.Y. 13,277 2.50 33,000
Riprap Ton 47,397 19.96 946,000
Filter Material C.Y. 11,537 23.00 265,000
##Esthetic Treatment Job 1 L.S. 149,000
Mitigation (Planting) Job 1 L.S. 65,000
Subtotal Channel 5,735,000
Contingencies 850,000
Total Channel 6,585,000
20 Permanent Operations Job 1 L.S. 48,000
Subtotal Permanent Operations 48,000
Contingencies (15%) 7,000
Total Permanent Operations 55,000
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Table XII-2. (Continued)
Acect. Unit Sub-
No. Description Unit Quantity Price total Total
Subtotal Relocations, Reservoirs,
Channels & Permanent Operations
Equipment 7,257,000
Contingencies 1,078,000
Total Relocations, Reservoirs, Channels,
& Permanent Operations Equipment 8,335,000
30 Engineering and Design (10%): 834,000
31 Supervision and Administration (6%): 501,000
51.22 OQOperation and Maintenance Manual 30,000
Total Construction 9,700,000
Lands and Damages
#%#%ands Job 1 L.S. 5,084,000
Relocations
Prospect Detour Job 1 L.S. 25,000
Total, Lands Damages and Relocations: 5,109,000
Preconstruction Engineering & Design 334,000
Total Flood Control First Cost 15,143,000
1y Total Recreation Development (100% cost) 194,000
Grand Total Project Cost $15,337,000
®See appendix B for cost breakdown.
##5ece table XIV-2 for cost breakdown.
###5ce para. 11-02 for cost breakdown.
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Table XII-3.

Comparison of First Cost.

Phase 1 Phase 1 GDM Present
GDM (Est) (Est) Estimate
Acct. (Oct. 1979 (Oct. 1987 (Oct. 1987
No. Description Price Level) Price Level) Price Level)
02 Relocations $8,000 $10,000 $23,000
03 Reservoirs 999,000 1,486,000 1,672,000
09 Channel
Diversion & Control 25,000 38,000 73,000
of Water
Clear & Remove Obstructions ( ) ( ) 2u4,000
Inlet Structure 1,021,000 1,519,000 ( )
Outlet Structure 1,907,000 2,836,000 4,379,000
Access Road
Asphaltic Concrete 21,000 32,000 61,000
Lower Channel
Station T4+35 to 934,000 1,389,000 1,583,000
Station 10415
#%*Esthetic Treatment 390,000 580,000 171,000
Mitigation (Planting) ( ) ( ) 74,000
20  Permanent Operations ( ) ( ) 55,000
Equipment
Subtotal Construction 5,305,000 7,830,000 8,335,000
30 Engineering and Design 530,000 720,000 834,000
31 Supervision and 371,000 470,000 501,000
Administration
51.22 Operation 'nd Maintenance ( ) ( ) 30,000
Manual
Total Construction 6,206,000 9,080,000 9,700,000
Lands and Damages
R##] ands 3,500,000 5,200,000 5,084,000
Relocations
Prospect Detour ( ) ( ) 25,000
Bridge 297,009 440,000 ( )
Total Lands, Damages and 3,797,000 5,640,000 75,109,000
Relocations
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Table XII-3. (Continued)

Phase I Phase I GDM Present
GDM (Est) (Est) Estimate
{Oct. 1979 (Oct. 1987 {(Oct. 1987
No. Description Price Level) Price Level) Price Level)
Preconstruction ( ) ( ) 334,000
Engineering & Design
Total Flood Control $10,003,000 $14,720,000  $15, 143,000
First Cost
#Total Recreation 410,000 600,000 194,000
Development (100% cost)
GRAND TOTAL PROJECT COST $10,413,000 $15,320,000 $15,337,000

#See appendix B for cost breakdown.
##See table XIV-2 for cost breakdown.
#R#%See para. 11-02 for cost breakdown.
Note: ( ) indicates there was no cost included for that item.
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XIII. DESIGN AND CONSTRUCTION SCHEDULE

Preparation of Plans and Specifications

13-01 Preparation of contract plans and specifications for the
construction of the proposed flood control project will be initiated
after the Phase II GDM for the Santa Ana River Project is approved.
Contract plans and specifications would take approximately 15 months to

complete.

Construction Schedule

13-02 Construction would be scheduled to start in the spring of the
year. Construction of the improvements will take approximately

12 months., Table XVII-1 shows a generalized construction schedule. The
construction schedule shown may be modified as required based on total
project requirements. The overall project construction schedule is
provided in the Main Report.

Total Federal Funds Required By Fiscal Years

13-03 Funding required for the project is shown in table XVII-1. Total
funds including Federal and non-Federal share which will be required for
the preparation of contract plans and specifications and the construction
of the project is shown in the Main Report which includes a schedule.

The breakdown by fiscal year of the Federal and non-Federal plan is
presented in the Main Report.

Survey and Mapping Requirements

13-04 The topographic maps used for this portion of the design were
developed in February 1980. The maps will be approximately 10 years old
at the time of construction. Prior to any construction the maps of the
gravel pits at a minimum need to be field verified and updated to
reflect any changes. Topographic mapping of the outlet structure area
and the downstream channel including accurate fence locations need to be
obtained at a scale of 1" = 20°'.
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XIV. ESTHETIC TREATMENT
Introduction

14-01 The basic concept for esthetic treatment of the Santiago Creek is
to provide a landscape plan that would minimize the detrimental visual
effects of the flood control project (concrete and riprap channel and
existing chain-link fence along the channel) on the surrounding
environment. A combination of trees (overstory), shrubs (understory),
would be carefully selected to provide for the functional application of
screening, erosion contrel, scale and visual enhancement by breaking up
the harsh linear element that the concrete channel produces.

General

14-02 Santiago Creek has been divided into four sections which are
called reaches. These "reaches" are defined as follows:

Reach 1 - From the Santa Ana River upstream to the Santa Ana
Freeway. This reach will incorporate both a trapezoidal channel and
a rectangular channel. The rectangular section will be utilized in
areas of limited right-of-way. These narrow areas extend from

600 feet upstream of Bristol Street to Flower Street and also

600 feet upstream from Flower Street for an additional 200 feet.

Reach 2 - From Santa Ana Freeway upstream to Walnut Avenue. There
will be no esthetic treatment done over this reach.

Reach 3 - From Walnut Avenue to Prospect Street. The channel will
be trapezoidal and the reach also includes an outlet structure which
Wwill control the water elevation at the proposed reservoirs.

Reach 4 - From Prospect Street to Villa Park Road. This reach
includes the abandoned Bond and Blue Diamond gravel pits. These
pits will be used as reservoirs, for a water conservation program
proposed by the Orange County Water District and for the flood
control project proposed by the Corps of Engineers. This reach
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contains a substantial stand of native and riparian vegetation.
There will be no landscape development within the gravel pits.
However, there will be landscape development within the right-of-way
of the outlet/overflow structure area.

14-03 Due to the limited right-of-way areas available in certain
reaches of the channel, trees or shrubs would not be recommended within
a space less than 5 feet in width. These areas will be hydroseeded to
provide a ground cover for erosion control.

14-04 Gradually, emphasis would be placed on incorporating a landscape
compatible with the immediate surroundings, such as indigenous native
plant material or ornamental plantings which match the adjacent natural
or urban environment. This would maintain the identity and character of
that particular reach. A drip irrigation system wouvld be provided to
establish the plant material. After plant establishment, which is
estimated to be from 3 to 5 years, the system could be shut-down,
abandoned or removed. The native plant species which will be considered
is listed in table XIV-1. The detailed present cost estimated for the
landscaping and irrigation is presented in table XIV-2. The esthetic
treatment plan for station 300+12 to station 252+00 is shown on plate 22
and for station T4+35 to station 10+15 is shown on plate 23.

14-05 The following native type plant species would be considered for
planting within the rights-of-way:

TREES

Populus fremontii
Platanus racemosa
Alnus rhombifolia
Populus trichocarpa
Salix gooddingii
Salix hindsiana
Salix laevigata
Salix lasiolepis
Sambucus mexicana

SHRUBS:

Cercocarpus betuloides

Eriogonum fasciculatum

Lotus scoparius
Artemesia californica
Encelia californica
Salvia apiana

Salvia mellifera
Artemesia dracunculus

Fremont Cottonwood
California Sycamore
White Alder

Black Cottonwood
Black Willow
Sandbar Willow

Red Willow

Arroyo Willow
Mexican Elderberry

Mountain Mahogany
Common Buckwheat
Deerweed

California Sagebrush
Desert Encelia

White Sage

Black Sage

Dragon Sagewort

14-06 Ornamental species would also be considered for planting within
the rights-of-way to match adjacent development. Inventory of existing
species would be compiled prior to development of plans and

specifications.




3
4
Table XIV-1. Detailed Cost Estimate for
Landscaping and Irrigation.
Santiago Creek
(October 1987 Price Level)
Item Unit Sub-
No. Description Unit Qty. Cost Total Total
4
{ 1 15 Gal. Trees (single- EA 412 $80.00 $32,960
}
;‘ l stake)
f ' 2 5 Gal. Shrubs EA 1,114 32,00 35,650
3 Drip-irrigation system
2" PVC Mainline LF 11,635 1.90 22,110
1/4" Drip line tubing LF 15,260 .15 2,290
2.0 GPH Emitters
Two per tree EA 830 1.00 830
.5 GPH Emitters
Two per shrub EA 2,230 .90 2,010
Misc. components
for drip-irrig. L.s. 1 12,000.00 12,000
4 Seeding w/soil
prep. and amend. S.F. 125,750 .23 28,920
5 90 Days Maintenance L.S. 1 12,000.00 12,000
and Plant Establish
Period
Subtotal 148,770
Contingencies (15%) 22,315
Subtotal Construction 171,085
Engineering and Design (10%) 17,108
Supervision and Administration (6%) 10,265
$198,458

l TOTAL COST
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XV. RESERVOIR REGULATION

15-01 Santiago Creek Reservoir will have a flood control storage
allocation of 4,620 acre-feet between elevations 274 feet and 298 feet.
A portion of this storage may be used for water conservation depending
on the season of the year. That is, the amount of storage above
elevation 274 reserved for flood control only, may vary with the time of
the year. Storage below elevation 274 feet will be used for water
conservation. Santiago Creek Reservoir flood control storage will be
used to control discharge in Santiago Creek from the pits to the
confluence with the Santa Ana River so that outflow from the pits when
combined with runoff from the drainage area downstream will not exceed
the design discharge of Santiago Creek, which is 5,000 ft-/s at the
mouth. Any water control plan developed for Santiago Creek Reservoir
should not violate this criteria or be interpreted in a way that
violates it. 1In addition, Santiago Creek Reservoir can be used, if
necessary, to help control flooding on the Santa Ana River downstream of
the confluence with Santiago Creek by reducing outflow from the
reservoir if local conditions warrant it. The stream gauges downstream
of the reservoir and at the mouth of Santiago Creek should be used to
guide releases from the reservoir. Additional information on Santiago
Creek Reservoir regulation can be found in the Hydrology Appendix of
this GDM.

15-02 The design water control plan for flood control for Santiago
Creek Reservoir during December through March is to maintain outflow
from the_flood control storage equal to inflow up to a maximum of

3,500 ft3/s. For the general storm design flood, the 100-year
contemporangous runoff from the area downstream of the reservoir, added
to 3,500 ft2/s outflow from the reservoir, results in a peak discharge
of 5,000 ft3/s at the mouth of Santiago Creek at the Santa Ana River.

15-03 The design water control plan for flood control for Santiago
Creek Reservoir during April through November is to maintain outflow
from the flood control sgorage equal to outflow from Villa Park Dam up
to a maximum of 3,500 ft°/s. For the 100-year flood generated by a
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local storm, the runoff from the area downstream of Sagtiago Creek
Reservoir could result in a peak discharge of 5,000 ftZ/s at the mouth
of Santiago Creek without any outflow from Santiago Creek Reservoir.
Therefore, in order for this water control plan to be able to control
the 100~year flood generated by a local storm, there must be adequate
flood control storage space available to capture the runoff from the
area between Villa Park Dam and Santiago Creek Reservoir, with no
outflow from Villa Park Dam.

15-04 The water surface elevations at Santiago Dam and Villa Park Dam
upstream of the proposed Santiago Creek Reservoir, and the time of the
year during which storage is taking place, will be used to determine the
bottom elevation of flood control storage. Table XV-1 is the design
used to determine the bottom elevation of flood control storage for
Santiago Creek reservoir. It also shows the corresponding bottom
elevation of flood control storage for Villa park Dam as specified by
OCEMA's "Villa Park Dam Operation Manual", dated 3 July 1985. The
lowest bottom elevation of flood control storage for Santiago Creek
Reservoir is 274 feet NGVD. During rising water surface elevations of
the reservoir, when the bottom elevation of flood control storage is
reached, the outlet works are operated so that outflow is as specified
in paragraph 15-02 or 15-03 above. During falling water surface
elevations, after the peak water surface elevation has occurred, the
maximum outflow is maintained until the bottom elevation of the flood
control storage is reached.

15-05 The proposed Santiago Creek Reservoir outlet works will be
operated by the Orange County Environmental Management Agency (OCEMA).
OCEMA will be responsible for operating the outlet gates whenever water
control operations are necessary. These gate operations will be in
accordance with instructions to be provided by the Los Angeles District.
They will be issued in a manual entitled "Standing Instructions to the
Project Operator for Flood Control®™. These instructions will specify
the water control plan to follow when water is stored in the flood
control storage space. They will be based on the criteria included in
this General Design Memorandum and may vary somewhat from the "design"
water control plan described above, but not from the general criteria
described above in paragraph 15-01. These instructions will be issued
to the OCEMA upon completion of the project construction.
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Table XV-1. Bottom Elevation of Flood Control Storage
Villa Park and Santiago Creek Reservoirs

December through February During March
Santiago Dam Villa Park Dam Santiago Creek Villa Park Dam Santiago Creek
at or Below At or Below At or Below At or Below At or Below
Water Surface Water Surface Water Surface Water Surface Water Surface
Elevation Elevation Elevation Elevation Elevation

790 510 274 510 280

789 510 278 510 280

788 510 280 510 280

787 510 280 510 281

786 510 280 510 282

784 510 280 510 284

782 510 280 510 286

780 510 280 510 288

778 510 280 521 290

776 510 280 529 293

During the period of April through November the bottom elevation of the flood
control storage of the reservoir will be elevation 293 feet regardless of the
storage space available in Santiago Dam and Vilia Park Dam.

See paragraphs 15-01 through 15-03 to determine the outflow from Santiago
Creek Reservoir. Outflow from Villa Park Dam will be as specified in the
OCEMA "Villa Park Dam Operational Manual."
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IVI. OPERATION AND MAINTENANCE
Introduction

16-01 An operation and maintenance (0&M) manual would be prepared

after construction of the flood control improvements in accordance with
ER 1130-2-304 "Project Operations™ and applicable provisions of ER 1150-
2-301 "Local Cooperation." The estimated cost of the 0&M manual is
$30,000, The local sponsor would be responsible for the operation and
maintenenace of the flood control improvements. In general the major
items of operation and maintenance and their estimated annual costs
would be as follows:

Table XVI-1. Annual Operation and Maintenace Cost

Item Annual Cost
Operation
Administration $5,000
Inspection and Evaluation $3,000
Gate Operator (as required) $20,000
Maintenance

Routine (fence repair, riprap,
weeds, equipment, sealing,

debris, cleanup, etc,) $15,000
Gate Painting and Repair (5 years) $10,000
Miscellaneous $5,000

Ma jor Replacement
Access Road (30 years) $3,000
Gate Replacement (50 years) $10,000
Subtotal $71,000
Contingency (15%) $11,000
Total $82,000
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